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FOREWORD

The National Institute on Drug Abuse is pleased to publish as a
NIDA Research Monograph this updated state-of-the-art review of the
procedures utilized for testing drugs for their physical dependence

potential and abuse liability. NIDA has a long history of working
with the Committee on Problems of Drug Dependence (CPDD) to attain

our mutual objective in broadening the knowledge base in this area.

It has been 11 years since the previous review by the Committee on
Problems of Drug Dependence, and 9 years since the publlcatlon by
ntial

of Drugs. During this perlod the field has advanced
significantly, particularly as new classes of compounds have been
included within the range of those known to result in human
dependence. In addition, this review represents a major conceptual
clarification in distinguishing between testing of physical
dependence potential and abuse liability. The rationale this

distinction is well described in Chapter II.

The ultimate objective is to develop and refine methods that will
allow for the prediction of the human dependence or addiction
potential of a compound. Too often, the problems of human drug
dependence have been attributed to the physical dependence
potential of a drug. The use of the word dependence in two very
different senses has contributed its share of confusion.

effort to maintain clarity, the authors of the manuscript have
consistently referred to measurement of physical dependence
liability so as not to confuse that concept with the clinical
syndrome of drug dependence. This is particularly important since
increasingly the evidence supports the view that the problems of
human drug dependence are more closely related to the abuse

liability of a drug than to its physical dependence potential.

In the Prefatory note that follows, the importance of these
procedures in making national and international regulatory
decisions has been emphasized. Not to be over looked is the fact
that the laboratory work necessary for the development of these

testing procedures has also contributed to the identification and
characterization of novel compounds and the elucidation of

fundamental biobehaviorial mechanisms of drug action. The recent Text



growth of knowledge of the neural mechanisms involved in drug abuse
has been explosive. Along with this has come a rapidly developing
ability to synthesize new drugs with markedly greater, specificity,
increasing the requirement for refined methods of assessing abuse
liability. Future development in the area may be expected to focus
on the role of drug interactions, the role of environmental and
social factors and, perhaps most importantly, the role of
individual genetic differences in the liability to abuse of drugs.
The CPDD can be expected to continue to play an important
leadership role in providing a forum for the integration of the
many scientific, social and legal issues involved in coping with
the problems of human drug dependence.

Jean Paul Smith, Ph.D.
Acting Associate Director for Science
National Institute on Drug Abuse



PREFACE

For many years, the Department of Health and Human Services (DHHS)
has had a special interest in developing methodologies for
assessing abuse liability of drugs, irrespective of their known or
potential therapeutic usefulness. More recently, additional
interest in this area has grown as a result of the authorities
granted to the Secretary of DHHS in the Comprehensive Drug Abuse
Prevention and Control Act (P.L. 91-513) and the Psychotropic
Substances Act of 1978 (P.L. 95-633). These statutes provide the
Secretary with the authority to determine the abuse liability of
drugs and make scheduling recommendations with regard to the need
for domestic and international controls in an effort to prevent or
reduce the abuse. Thus, efforts to expand our knowledge to make
informed scheduling decisions has received support as part of the
overall drug abuse prevention effort.

Within the DHHS, the National Institute on Drug Abuse (NIDA) is
authorized by the Secretary to conduct the necessary studies for
the proper evaluation of the abuse liability of drugs and other
substances and to evaluate the nature and extent of associated
health risks. Pursuant to these responsibilities, NIDA supports
various intramural and extramural research efforts both to
determine the abuse liability of new drugs and to develop methods
for making more specific determinations about new classes of
compounds. These efforts have been significantly enhanced by close
collaboration with the Committee on Problems of Drug Dependence
and the National Institute of Arthritis, Diabetes, and Digestive
and Kidney Diseases.

It is hoped that this scholarly and comprehensive review of the
existing methodologies will be of benefit to both the public and
private sector domestically, as well as internationally. In
addition to being a unique reference, it can serve as a guide for
future drug abuse liability screening initiatives and a foundation
on which newer and more specific methodologies can be developed.
The monograph may be of assistance to other countries interested in
incorporating some abuse liability testing as a requisite for drug
registration and assist the World Health Organization (WHO) in its
efforts to identify the range of existing parameters available for
assessing the abuse liability of drugs required of them by
international treaties.

James R. Cooper, M.D.

Associate Director for Medical
and International Affairs

National Institute on Drug Abuse
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l. Introduction

The Committee on Problems of Drug Dependence. (CPDD) has been in
existence since 1929 and is the longest standing group in the
United States concerned with drug dependence and abuse. Its history
from 1929 until the early 1970s was summarized by the late Nathan
B. Eddy (1973). From 1929 until 1976, the CPDD was associated with
the National Academy of Sciences - National Research Council. Since
1976, it has existed as an independent body presently affiliated
with ten national societies representing various disciplines
concerned with problems of drug dependence and abuse.

A major thrust of the CPDD has been to facilitate the development of
safer and more effective therapeutic agents while reducing the risks
of dependence and/or abuse. Most of the drugs evaluated by the CPDD
are drugs with well-defined current or potential clinical use.
Knowledge of the dependence potential and/or abuse liability of a
drug proposed for marketing is of obvious importance with respect to
its scheduling both within the United States and internationally.
By appropriate screening prior to marketing, it should be possible
to avoid cases of iatrogenic dependence and/or self-generated abuse
that would have occurred and formed the basis for later scheduling
of the drug after post-marketing experience.

In some cases, discovery of dependence potential and/or abuse
liability might be grounds for a decision not to manufacture a drug.
Dependence and abuse are among the costs, along with other adverse
side effects, that must be weighed against a drug®s potential
therapeutic efficacy. Ordinarily, a drug will not be tested for
dependence potential and/or abuse liability until other aspects of
efficacy and safety have been demonstrated in a scientifically sound
and systematic manner employing appropriate standards of measurement

and controls to avoid bias. At this point, a serious level of
dependence potential and/or abuse liability can counterbalance the
prospect for a modest therapeutic advance. Thus screening for

dependence potential and/or abuse liability may prevent the
marketing of an undesirable new product.

The drug assessment activities of the CPDD. then, have come to serve
three general purposes. In the first instance, they have provided



information to the pharmaceutical industry and the public to assist
in evaluating the dependence potential and/or abuse liability of new

drugs. Secondly, they have advanced the basic scientific purpose of
identifying and characterizing truly novel compounds, and
stimulating their synthesis. In this regard, the CPDD has
collaborated closely with the National Institutes of Health. And

thirdly, the CPDD has implemented and supported the assessment of
dependence potential and abuse liability in both animal laboratory
and human clinical settings. In 1947, the CPDD initiated and
supported an animal testing facility at the University of Michigan.
In the early 1970s. a similar unit was formed at the Medical College
of Virginia. The focus of activity at both facilities has been upon
testing opioids, although in recent years other types of drugs have
been studied more often. In 1980, the CPDD awarded, on a
competitive basis, starter grants to Jlaboratories for the
development of clinical procedures for evaluating drug dependence
potential and abuse liability in man. And, in 1982, initiatives
were undertaken to broaden the scope of CPDD"s testing activities to
encompass CNS stimulants and depressants.

The CPDD has twice before, in 1966 and 1973, published position
papers on the testing of drugs for "dependence liability" in animals
and humans (CPDD 1966; 1973). The present paper represents a
continuation of these state-of-the-art reviews. A revision is
timely now because there have been several new and important
developments over the past decade. First, a growing number of
opioids of the mixed agonist-antagonist type are in various stages
of development as anesthetics and analgesics. Reports indicate that
the analgesic effects of these new compounds are not accompanied by
the subjective mood changes associated with abuse liability, but the
evidence 1in this regard 1is inconclusive. Second, considerable
public concern has been generated by reports of physical dependence
involving commonly used sedatives and anxiolytics even at
therapeutic doses. Third, a number of cannabinoids and their
homologs are under evaluation as potential therapeutic agents.
Fourth, expanded development of anorectic agents and antidepressants
has emphasized the importance of abuse liability assessment of the
centrally active stimulants. And fifth, the verification of the
street-use of dissociative anesthetics (e.g., phencyclidine and its
congeners) has added another group of substances with high abuse
liability. These substances produce a constellation of effects
including sedation, stimulation, and hallucinosis.

References
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[I. Concepts and Definitions

Traditional concepts and definitions of drug dependence and drug
abuse are in need of re-evaluation and revision. Advances in
knowledge about drug actions, and particularly 1in research
technology, have  made possible an operational approach to
pharmacological assessment of the risks of dependence on, and abuse
of, psychoactive drugs of various categories, yet non-operational

terminology still persists. The distinction between "physical™ and
"psychic" or "psychological"™ dependence, for example, has long since
outlived its theoretical basis. Even the dichotomy between

"physical”™ and *behavioral"™ factors has not provided a particularly
useful framework for analyzing the essential dimensions of
drug-related problems. And while the terms *“dependence’™ and "abuse"
are generally considered preferable to the word "addiction” as a
basis for the development of an operational language in this Tfield,
persistent terminological ambiguities must be acknowledged.

One such problem derives from the continued use of the word
"dependence” in at least two quite different ways. In the first
instance, “physical dependence” is used with reference to the
biochemical, physiological, and behavioral consequences of repeated
exposure to a drug resulting 1in tolerance, and an abstinence
syndrome when the drug is withdrawn. A second, less technical, use
of the term "dependence"™ (or, more commonly, the phrase "drug
dependence') refers to a complex of behavioral phenomena often
described by such terms as "loss of voluntary control over drug

taking,”" ‘'‘compulsive drug use," "and ‘'reduced range of behavioral
options." In this second case, the obvious overlap with the term
"abuse” (or more commonly, the phrase "drug abuse™) Tfurther

complicates both technical and non-technical language usage.

In response to these problems, a recently published World Health
Organization Memorandum on Nomenclature and Classification (Bull.
WHO 1981) recommended substitution of the word '‘neuroadaptation' for
physical dependence, and deletion of the term "abuse' from the drug
lexicon on the grounds that it is essentially a value-judgmental

term rather than an operational one. In addition, the WHO
Memorandum further proposes use of the term "drug dependence
syndrome™ to encompass Vvirtually all the phenomena currently



described by the two terms "dependence" (i.e., '"neuroadaptation"

plus "drug dependence') and "abuse." The main advantages of the
terminology suggested in the WHO Memorandum lay 1in its clear
differentiation between the primary process (drug self-

administration) and secondary consequences (neuroadaptation), and
its emphasis on experimentally or clinically operational terms
devoid of value judgments.

From a scientific and technical perspective, the phrase "drug
dependence syndrome," as defined in the WHO Memorandum, is
conceptually indistinguishable from the older term "addiction" when
the latter is used to designate the complex of persistent behavioral
and physiological changes associated with chronic self-
administration of drugs. However, the WHO Memorandum was not
designed as an operational guide to the testing of those properties
of drugs that might be related to the risk of dependence and/or
abuse. In contrast, the present document is intended specifically
for that purpose. Since the testing procedures to be described are
largely based on concepts and terminology that had evolved before
the publication of the WHO document, and that still enjoy wide
acceptance, we will not at this time attempt to revise the
operational terms that are in general use.

The final resolution of these differences in terminology has not
been achieved. Many workers in the field as well as the lay public
are still unaware of the new terminology proposed by WHO.
Accordingly, for purposes of this discussion we shall continue to
use the terms ‘'physical dependence™ and '"abuse'™ as conventionally

defined. These Tfamiliar terms are encoded in the Ilaws and
regulations which control the scheduling of drugs and the
determination of manufacturing quotas. Should the proposed WHO

terminology come into general use, future revisions of the present
document will provide for the necessary changes.

i i " as used in the following sections of this
review. refers to physiological and behavioral alterations that
become- increasingly manifest when drug administration is stopped
after repeated exposure to a pharmacologic agent. Changes
associated with (but not limited to) the development of tolerance
and the physiological effects of drug withdrawal are expressed as an
abstinence syndrome (Cochin 1970; Kalant et al. 1971; Eddy 1973;
Clouet and lwatsubo 1975). " is used with reference to events
that precede or accompany strong drug-seeking, drug discrimination,
and drug-taking behaviors in association with self-administration of
a pharmacological agent, often in a social context (Brady and
Griffiths 1977; Griffiths et al. 1980; Brady 1981; Woods et al.
1982). The abuse concept clearly encompasses toxicity"™ as well,
1.e., adverse physiological and/or behavioral consequences (Schuster
and Fischman 1975).

The relevance and importance of this distinction between 'physical
dependence"™ and "abuse," for drug evaluation purposes, resides in
the fact that while both these processes are of obvious public
health concern, their defining properties are not coextensive and
they do not invariably occur together. The assessment of ''physical



dependence potential” in terms of tolerance and withdrawal, while
obviously an important aspect of drug evaluation, does not by itself
predict the drug-seeking and drug self-administration which are
essential features of abuse, and which one attempts to predict by
assessment of '‘abuse liability."” Drug-seeking and drug-taking
behaviors can be maintained in strength by doses of cocaine or
morphine, for example, which produce no significant degree of
tolerance or withdrawal (Schuster and Woods 1967; Johanson et al.
1976; Jones and Prada 1977). Conversely, some compounds such as
propranolol have clear dependence potential (i.e., development of
tolerance after repeated dosing, and an abstinence syndrome after
drug withdrawal) at doses which have little or no attendant abuse
liability, i.e., do not give rise to drug-seeking or drug-taking
(Myers and Austin 1929; Crandall et al. 1931; Ambrus et al. 1951;
Rector et al. 1955; Jaffe 1980).

In summary, from the perspective of drug testing, to which this
review is addressed, pharmacologic assessment can most conveniently
be related to the changes or events antecedent to repeated drug-
taking, on the one hand, or consequent to it, on the other. It is
primarily the reactive biochemical, physiological, and behavioral
consequences, of drug administration, both acute and chronic (in
terms of tolerance and withdrawal), which define a pharmacologic
agent®s physical dependence potential. The proactive drug-seeking,
and drug discrimination which occur as antecedents to habitual drug
use, on the other hand, together with the adverse effects of such
use (i.e., a combination of the drug"s reinforcing properties and

its toxicity), define a drug"s abuse liability.

Physical dependence and abuse, as defined, do of course frequently
occur together. Changes in drug-seeking and drug-taking often occur
as sequelae to both the acute effects of a drug and to tolerance and
withdrawal after chronic drug exposure (Musto 1973). Conversely,
the biochemical, physiological, and/or behavioral changes which
define physical dependence can be sequelae of abuse-related drug
self-administration (Jaffe 1980). But the relative contributions of
these distinguishable processes to drug-related problems can vary
widely with different pharmacologic agents as a Tfunction of such
factors as dose level, environmental interactions, and previous drug
history (Mendelson and Mello 1982). Moreover, the methods used to
assess physical dependence potential and abuse liability, both in
humans and in laboratory animals, are quite distinct. Therefore
these terms are retained throughout the following description of the
methods by which they are assessed.

Beyond the problem of terminology, of course, fundamental issues
concerning the validity of biochemical, physiological, and
behavioral methods for assessing dependence potential and abuse
liability continue to be debated (Martin 1966; Jasinski 1977). The
ultimate test animal, and the most precious, 1is of course, the
human. Situations have arisen in which drugs were passed through
the animal screens only to show abuse liability in humans. And
street users have been able to discover abusable drugs or their
combinations which were never tested in animals and were never
suspected of abuse liability even after extensive clinical use.



Other drugs, such as the benzodiazepines, may be abused more often
by humans than might have been expected on the basis of animal
screening studies.

Such considerations notwithstanding, the focus developed in this
document on Tformal changes and their temporal ordering in
relationship to the drug intake event does provide an operational
basis for characterizing the full range of a drug®"s Tfunctional
properties and for evaluating all available measures of its
structure (i.e., physico-chemical) and activity (i.e.,
physiological-behavioral) in comparison to known standards. In the
final analysis, such "pharmacological equivalence™ remains our most
reliable approach to the assessment of physical dependence potential
and abuse liability.
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[1l. General Methodological Considerations

The profile of a specific drug"s physical dependence potential and
abuse liability is defined by a number of its pharmacologic effects
observed over a wide range of doses. Assessment of these effects
involves a range of procedures that quantify the responses after
acute administration (e.g., analgesia, behavioral performances, EEG
patterns) and after chronic administration (e.g., tolerance

spontaneous and/or precipitated withdrawal). Furthermore
behavioral paradigms for assessing drug-seeking and drug-taking
(e-g., drug self-administration procedures), Tfor determining the

stimulus properties of drugs (e.g., drug discrimination procedures),
and for assessing behavioral toxicity (e.g., sensorimotor
psychophysical procedures) have been employed with 1increasing
frequency in systematic drug evaluations. The standardization of
such assessment techniques thus makes it possible to provide a
comparative analysis of relative dependence potential and/or abuse
liability in both animals and humans across a number of drug doses
and drug classes with increasing confidence.

Evaluating the acute effects of a drug is a necessary antecedent to
the subsequent study of tolerance, and ultimately, physical
dependence potential. 1In this regard, numerous pharmacological
assays are employed that serve not only as the comparison response
for tolerance studies, but as the basis for screening unknown
compounds for physical dependence potential and/or abuse liability,
as well. These assessments are made by comparing the effects of the
unknown drug to a standard compound (e.g., morphine, pentobarbital,
amphetamine, etc.). Once the acute effects of a drug are well
characterized, the development of tolerance to these effects can be
adequately quantified. While the fact that tolerance develops after
chronic administration of a drug does not necessarily mean that the
drug possesses significant dependence potential and/or abuse
liability, it may serve as a partial explanation for gradual changes
in intake over time as observed in drug self-administration studies.
Under any circumstances, judicious interpretation of the results of
tolerance studies serves an important function in the ultimate
assessment of a drug®"s dependence and/or abuse profile.



Procedures for assessing the relative dependence potential of a drug
have historically relied upon either substitution or primary
dependence methods. The discovery of specific antagonists has added
an important dimension to the study of physical dependence potential
by providing a means of precipitating withdrawal signs. Another
critical consideration in comparing the physical dependence
potential of two or more drugs is the degree to which the effects of
the drugs during chronic dosing are equivalent. Procedures for
assessing the abuse liability of a drug have focused predominantly
upon drug self-administration and drug discrimination paradigms. In
the former case, methods have been developed for determining not
only whether a drug will be self-injected (e.g., substitution
procedures), but for determining the relative reinforcing efficacy
of a given drug as compared to standard drugs of abuse (e.g.,
progressive ratio and choice procedures). Drug discrimination in
animals, which approximates measures of subjective reports in
humans, has been utilized to measure and compare the discriminative
stimulus properties of drugs both within and between _pharmacologic
classes.

Most importantly, laboratory animal methodologies have provided an
applied technology for quantifying the acute and chronic effects of
a drug in relationship to known standards of dependence potential
and abuse liability. By and large, these methods complement, and in
some cases extend, those employed in human research. Testing in
human beings is complicated by the fact that there is great inter-
individual variability in reactivity to and tolerance for various
substances and that this initial tolerance level can be drastically
modified by prior drug experience. Therefore, it iIs necessary not
only to require of volunteers a drug-free period of several weeks to
be certain that gany drugs taken either therapeutically or
recreationally have been eliminated, but control and experimental
groups should be matched with respect to drug-taking histories,
baseline reactivity, and tolerance. Simple random assignment to
drug or control group is usually not sufficient to assure equivalent
groups because most drug trials are based on small samples.

In addition to matching experimental and control groups, attention
should be paid to obtaining subjects who will represent the
population likely to be administered the drug clinically. This
means that tests should not be restricted to persons with extensive
prior drug experience, and that subjects should come from the age
and sex groups likely to be given the drug. And since attrition
rates may be high for human drug studies that require weeks or
months of administration and follow-up, rewards for participation
should be increased in proportion to the length of the study to
reduce dropouts. Additionally, attention to methods for endpoint
analysis to avoid loss of data for those who do not complete the
test period is essential, since those compliant with long and
difficult studies are unlikely to be representative of the general
population of potential users.



IV. Specific Drugs and Drug Classes

A. General Considerations

Many, though not all, of the substances under consideration are
drugs with well-defined clinical uses, and for some, there are
currently no good therapeutic alternatives. These facts must be
given due consideration in the overall evaluation of drugs with
physical dependence potential and/or abuse liability. New compounds
in these classes should, however, be expected to have either unique
therapeutic properties or fewer adverse side effects than currently
available drugs.

B. Opioids

The opioids (opiates) are a heterogeneous set of compounds widely
utilized in suppressing the symptoms of pain, in the treatment of
cough, dyspnea, and diarrhea, and, in certain circumstances, in the
production of anesthesia, either as a primary agent or in
combination with non-opiate anesthetics. Certain opioids are also
utilized in maintenance programs for the management of opioid
dependence and abuse. Morphine remains the major reference
compound, though many other agents in this class produce comparable
acute and chronic effects. In general, there are three types of
opioids: pure agonists, pure antagonists, and those with mixed
agonist/antagonist actions. Distinctions between pure agonists and
mixed agonist/antagonists can be made on the basis of their effects
on any one or all four distinct opioid receptor populations: mu,
kappa, sigma, and delta, of which the prototypes are morphine,
ethylketazocine, N-allylnormetazocine (SKF 10,047), and enkephalin,
respectively. There is now considerable debate over whether the
sigma opioid receptors are not, in fact, the same as the
phencyclidine receptors or binding sites. This area remains to be
clarified. Most of the compounds are structurally related to the
naturally occurring 4,5-epoxymorphinans (morphine, codeine, and
thebaine). While morphine was Tformerly difficult to make in the
laboratory, many semisynthetic analogues (e.g., diacetylmorphine or
heroin, hydromorphone, oxymorphone, hydrocodone, and oxycodone)
could be relatively easily synthesized from morphine, codeine, or
thebaine. These latter three key compounds can now be synthesized
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from readily available simple compounds in good overall yield by a
process which can be adapted to large scale synthesis.

Phenylpiperidines and related compounds such as meperidine,
alphaprodine, loperamide, diphenoxylate, and fentanyl are purely
synthetic drugs. Diphenoxylate and loperamide are particularly
useful in treating diarrhea. Meperidine and alphaprodine are useful
analgesics with a relatively short duration of action. Fentanyl is
used as an anesthetic and in combination with droperidol used to
produce neuroleptic analgesia. Propoxyphene, methadone and its
congeners, and levo-alpha-acetylmethadol (LAAM) are also
efficacious analgesics, but both methadone and LAAM are used
primarily in the management of opioid dependence and abuse.
Relatively pure antagonists such as naloxone, naltrexone, and
nalmefene are essentially free of morphine-like effects, and can
block the effects of morphine and other opioids. The efficacy of
these antagonists varies with the type of opioid receptor acted upon
by the agonist. The opioid agonist/antagonist analgesics represent
a unique class of compounds with very different pharmacological

profiles. Nalorphine and cyclazocine both possess pronounced
dysphoric effects. Pentazocine, butorphanol, and nalbuphine are all
effective analgesics, produce physical dependence, and may
precipitate withdrawal signs in opioid-dependent subjects.

Buprenorphine, a semisynthetic oripavine derivative, is a highly
lipophilic compound that is a potent analgesic but can precipitate
opioid withdrawal. Because it exhibits a "ceiling" effect to both
its analgesic and side effects, it has been classified as a partial
agonist of the morphine type.

A recent new use of opiates and opioids has been as the sole agents
in anesthesia. Morphine,. as well as fentanyl, and mixed agonist/
antagonist analgesics have been used in very large doses. Since
respiration is maintained artificially during surgery, the
depressant effect on respiration is obviated. The opioid effects
are then terminated by administering large doses of naloxone.

With the discovery of endogenous ligands (e.g., enkephalins and
endorphins) for the opioid receptor, attempts have been made to
synthesize longer acting peptides (e.g., D-ala®’-D-leu®-enkephalin)
with the hope of finding a compound that 1is selective for
subpopulations of opioid receptors.

C. CNS Depressants Sedative/Hypnotics, Anesthetics,
Anxiolytics, and Antihistamines

CNS depressants that are employed as sedative/hypnotics or as
anxiolytics comprise a wide range of chemically different compounds.
While few qualitative differences exist between these compounds,
they possess marked quantitative differences with respect to the
degree of CNS depression. The older hypnotics include the inorganic
bromides, chloral hydrate, and paraldehyde, while the barbiturates

(e.g., pentobarbital) are currently more widely used. More
recently, the use of nonbarbiturate sedative/hypnotics belonging to
various distinct chemical classes has increased steadily. These

include the acylureas (e.g., carbromal and bromvaletone), carbamates
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(e-g, ethinamate and meprobamate), piperidinediones E?.g.,
gluthethimide and  methyprylon), acetylenic carbinols e.g.,

methaqualone), benzodiazepines (e.g., diazepam and nitrazepam), and
the aliphatic alcohols (e.g., ethanol).

Another class of compounds that exerts generalized CNS depression is
the volatile anesthetics. Abuse of such licit compounds as various
halogenated anesthetic gases including halothane, methoxyflurane,
and enflurane, is relatively rare. The anesthetic nitrous oxide,
however, 1is currently enjoying a revival of illicit use. Obsolete
compounds include the ethers, cyclopropane, fluroxene, and ethylene.
Illicit use of compounds typically employed as propellants in
commercial spray cans (e.g., Tluorocarbons), and various solvents
and glues such as aliphatic hydrocarbons (e.g., hexane and naphtha),
aromatic hydrocarbons (e.g., toluene, xylene, and benzene), ketones
(e.g., acetone and cyclohexanone), esters (e.g., amyl acetate),
alcohols (e.g., butyl, ethyl, methyl, and isopropyl alcohols),
glycols (e.g., ethylene glycol), and gasoline is more common.

The older antihistaminics (H1 blocking agents) are classified into

three chemical. groups: ethylenediamines (e.g., pyrilamine and
tripelennamine), aminoalkylethers (e.g., diphenhydramine

doxylamine), and alkylamines e. g., chlorpheniramine and
pheniramine). Most of the H1 blockers produce some degree of
sedation and drowsiness at therapeutic doses. There are some
exceptions (phenendamine). Further, at higher doses the H1 blockers
have been observed to produce hallucinosis. The primary actions of

the H1 blockers are to block the histamine-induced contractions of
the bronchiolar .and gastrointestinal smooth muscle with partial
effects on the cardiovascular system and no effect on histamine-
induced gastric secretions. The latter action is postulated to be
another receptor - H2. The prototypic H2 blocking agent,
cimetidine, has been reported to have CNS activity especially in the
elderly.

D. CNS Stimulants: Anorectics, Local Anesthetics, and
Anti r n

Compounds that stimulate the CNS and/or elevate mood are represented
by numerous pharmacological classes. The xanthines (e.g., caffeine,
theobromine), phenylethylamines (e.g., amphetamine, pemoline), and
diphenylmethanes (e.g., methylphenidate, deanol) all increase;
wakefulness, talkativeness, and random motor activity.

often elevated, sometimes with euphoria, and respiration is
occasionally stimulated. Anorexia is a common effect as well. In
addition to CNS stimulation, compounds like cocaine (which is a
benzoic acid ester extracted from the leaves of Erythroxylon coca).
as well as its analogues (e.g., procaine, benzocaine) possess marked
local anesthetic action. While the tricyclic antidepressants such
as imipramine and amitriptyline elevate mood in depressed patients,
they are generally without effect in normal individuals. Newer
antidepressants of different chemical classes, however, may have
such potential.
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E. Hallucinogens and Anticholinergics

Many compounds, when taken in sufficient doses, can cause
hallucinations that may be secondary to delirium, sedation, or
stimulation. The compounds appropriately classified as

hallucinogens produce. visual and/or auditory hallucinations not
necessarily associated with delirium, sedation, or stimulation.
Many compounds are derivatives or analogues of endogenous amino
acids. Compounds in this class include the substituted
indolealkylamines (e.g., lysergic acid diethylamide or LSD,
dimethyltryptamine or DMT, psilocybin. harmine, and ibogaine). and
the substituted phenylalkylamines (e.g., mescaline, 2,5-dimethoxy-
4-methylamphetamine or DOM). The  3-N-substituted piperidyl
benzilates (e.g. ditran) and the classical anticholinergics atropine
and scopalamine, when taken in sufficient doses, also produce
hallucinosis.

F. nnabinoi

Residues from Cannabis sativa include a number of chemically
distinct compounds with the cannabinoids being the major
pharmacologically active group. At least 20 different naturally
occurring cannabinoids have been identified and include delta-g-
tetrahydrocannabinol (THC), delta-8-THC, cannabinol, and
cannabidiol. The most potent compound, delta-9-THC, has been shown
to be a potentially useful agent in the management of emesis,
glaucoma, and muscle spasm. Many congeners of delta-9-THC have been
synthesized, of which synhexyl (a delta-6°-10%, n-hexyl derivative
of THC) and DMHP (a dimethylheptyl side chain congener of synhexyl)
were the first to be studied. Significant undesired side effects
precluded further studies with these compounds, but other synthetic
analogues such as nabilone, SP 106, and CP 44,001 may be potentially
useful therapeutic agents in man.

The cannabinoids, unlike other compounds reviewed, present a "range
of problems which have hindered the understanding of their
pharmacology . The identification and standardization of the active
constituents in these preparations has been difficult. The
compounds are relatively unstable, insoluble in aqueous solutions,
and have many metabolites, including some that are pharmacologically
active. Clearly, the development and refinement of methods for the
isolation and purification of the natural alkaloids of the plant

nnabis sativa have been instrumental in the progress that is

reviewed here. In addition, a number of synthetic cannabinoids have
demonstrated some specificity in their actions, and, as such, may
prove to be more useful as potential therapeutic agents. The

assessment of the cannabinoids as a class, however, must necessarily
involve procedures sensitive to all known actions of these
compounds; the standard for comparison is the major active agent,
delta-9-tetrahydrocannabinol .

G. Di iative Anesthetics

The prototypic compound, 1-(1-phenylcyclohexyl) piperidine or PCP
produces a wide spectrum of effects, from stimulation and
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hallucinations to depression and analgesia. One analogue, ketamine,
enjoys a widespread use in veterinary medicine and some special uses
as a short-acting anesthetic in man. Other analogues have been
synthesized which are essentially based on substitutions of one of
three functional groups of the PCP nucleus: phenyl ring, cyclohexyl
ring, or the amino group. The latter analogues are not legitimately
manufactured or marketed, but widespread illicit synthesis has been
documented.

While most studies on the structure-activity relationships of PCP
analogues have used compounds with substitutions on the phenyl or
cyclohexyl ring, the majority of illicitly synthesized compounds are
N-substituted. Small chain alkyl groups (e.g., ethyl, propyl) have
been the most  common substitutions which N-ethyl-1I-
phenylcyclohexylamine (PCE) and 1-(n-propyl)-1-phenylcyclohexylamine
(NPPCA), respectively. The former compound, PCE,is currently under
Schedule 1 control as is 1-(1-phenylcyclohexyl) pyrrolidine or PCPY.
Toxicological manifestations of PCP analogue abuse have also been a
major cause for concern with respect particularly to the compound
I-piperidinocyclohexanecarbonitrile or PCC which, upon entering a
biological system, releases hydrogen cyanide. While PCC itself is
currently under Schedule 11 control (like PCP), it is a precursor to
PCP synthesis and thus tends to be a common contaminant in illicitly
synthesized PCP and other analogues. PCP analogue abuse is a
complex problem which essentially stems from the fact that the
identity of the compound is rarely confirmed and very little
information is available about the many easily synthesized
analogues.
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V. Animal Testing Procedures

A. General Methods
1. Procedures for Characterization of Drug Effects
a. Acute Drug Effects
i) Spontaneous locomotor activity

The jiggle cage method of Harned et al. (1952) determines the
effects of test compounds on spontaneous motor activity. Usually,
rats are placed in a cage suspended in air by a spring. Movements
of the rat are recorded kymographically on chart paper and can be
quantified with respect to control animals given vehicle. An
additional measure of locomotor activity is obtained using an open-
Ffield grid (Brimblecombe 1963). An observer (blind to the
treatment) counts the number of squares entered over a set period of
time. The photo-cell annular cage is also employed to determine
motor activity. Typically, mice or rats are treated with either
vehicle or the test compound and the number of times an animal
interrupts the Ilight beam over a given interval 1is recorded.
Time-course data are easily obtained with this method using
cumulative recorders.

ii) Forced motor activity

A measure of motor impairment (ability of rats or mice to remain on
a rotating rod) can be obtained using a variety of procedures, one
example being the rotorod assay (Dunham and Miya 1957; Kinnard and
Carr 1957). The device consists of a motor-driven, aluminum rod
(6-8 cm diameter) which is divided into several segments by circular
aluminum plates which serve to limit lateral movements of the
animals on the rod. Once the rodent is placed on the rod, it is set
in motion and the time until the animal fTalls off is recorded.
Typically, a maximum cut-off of 1-2 minutes is used. Animals can be
tested numerous times after a single injection to generate
time-course data.
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iii) El

This procedure employs the brain®s electrical activity as a measure
of a drug®"s effect (Klemm 1969). Recently developed computer-
assisted analysis (e.g., power spectrum) has permitted not only
qualitative but quantitative measures of drug-induced changes in EEG
activity. The EEG has been used to quantify acute and chronic drug
effects in various species including the mouse (Morley and Bradley
1977), rat (Lukas et al. 1980). cat (Schallek et al. 1967), dog
(Wikler and Altschul 1950), and monkey (Gehrmann and Killam 1976).
This technique is most often employed in chronic animals which have
been implanted with cerebrocortical EEG electrodes, although sub-

cortical electrodes have also been employed. The animals are
typically allowed to acclimate to the surroundings and control EEG
activity is recorded. Once the EEG recording is stable, a drug is

administered and® the resultant EEG activity is monitored on a
polygraph and stored on magnetic tape for subsequent computerized
power spectral analysis. This analysis consists of measuring the
amount of energy (or power) as a function of frequency.

Another component of the analysis of the EEG effects of drugs of
abuse relates to the quantification of various stages in the
sleep-wakefulness continuum. In all mammals, at least three stages
are readily distinguished - a waking stage, a slow-wave stage of
sleep, and a rapid-eye-movement (REM) stage of sleep. The EEG from
mammals can be scored for the onset, duration, and cyclicity of the
stages. Transitions between stages are also noted. These form the
basis for the evaluation of drug-induced alterations (van Twyver
1969).

In recent years, there has been increasing use of evoked potentials
in the EEG to define and quantify the actions of drugs. A constant-
intensity stimulus, such as a light flash, a signal tone, or a mild
electric shock, is administered repeatedly to the subject, and the
EEG activity is recorded during a fixed sweep of the last 500 msec
of each stimulus. Summation of these recordings in a computer
results in averaging-out of the random background activity, but
progressive augmentation of the specific wave pattern of response to
the stimuli. Drug effects on the latency and amplitude of each
component of the response can then be expressed in precise
quantitative terms (Kalant 1978a).

iv) Behavioral performance

Numerous drugs have been reported to modify a wide range of
performances including food and water consumption, exploratory and
aggressive behaviors, punishment, escape, avoidance, and conditioned
suppression responses. With the exception of the conflict procedure
(Geller and Seifter 1960), which is relatively selective for
anxiolytics, few behavioral paradigms are employed routinely in
animal models of abuse liability and/or dependence potential.
Consummatory behavior (e.g., food or water intake) has been shown to
increase after acute administration of opioid antagonists, but
benzodiazepines induce hyperphagia as well. In addition, procedures
which employ response rates as a measure of performance appear to be

16



affected by drugs belonging to a wide range of pharmacological
classes. This relationship is also dependent upon the response rate
prevailing at the time of drug administration (e.g., law of initial
effect); thus, procedures that maintain low response rates are
typically increased by many compounds while high response rate

performance is typically suppressed. This phenomenon has been
elegantly demonstrated using a multiple schedule technique (e.g-,
mult. FR/FI). Drug-induced changes of response rates in the same

animal can be demonstrated to be directly related to the schedule of
reinforcement (Dews 1955; Kelleher and Morse 1968).

The contributions of behavioral pharmacology to the assessment of
drug abuse liability and physical dependence potential have had
their greatest impact in the areas of tolerance and withdrawal. At
least three different behavioral factors have been shown to have
important effects upon the rate of development of tolerance, and
upon the degree of tolerance developed. The first is the presence
or absence of a requirement for task performance while the subject
is under the influence of a drug. Animals receiving the drug just
prior to the start of each training session acquire tolerance more
rapidly than animals receiving the same dose of the same drug
immediately after each training session (Kalant et al. 1971; LeBlanc
et al. 1973). The second factor is the effect of the drug upon the
relationship between the performance and its consequences. For
example, rats were trained to bar-press for food rewards on a
schedule of alternating periods of FI and DRL. Under the influence
of the first dose of amphetamine, their response rates increased
during both components of the schedule, but this caused loss of
rewards only in the DRL component and not during the FI. With
repeated amphetamine tests on the same schedule, the rats rapidly
developed tolerance to the rate-increasing effect during the DRL
portions, while showing no tolerance during the Fl portions of the
schedule (Schuster et al. 1966). The same phenomenon has been
observed subsequently with other drugs (Krasnegor 1978). The third
factor is the presence or absence of environmental stimuli linked by
Pavlovian conditioning to the administration® of a drug. If an
animal receives a dose of a given drug repeatedly in the same
environment, it shows more tolerance when tested in the same
environment than when tested with the same dose in a new environment
(Siegel 1976; Le et al. 1979).

All three sets of observations mentioned in the preceding paragraph
have given rise to the concept of behavioral tolerance as distinct
from classical or pharmacological tolerance (Krasnegor 1978).
However, it has been argued that these are not separate forms of
tolerance, and that the behavioral factors simply alter the rate or
extent of development of an intrinsic biological adaptation (Kalant

et al. 1971; Kalant 1978b). The extent to which behavioral
variables contribute to the tolerance will vary according to the
specific circumstances. It is important, however, in testing drugs

for physical dependence liability, to ensure that the same test
paradigm is employed throughout, so that the behavioral influences
are kept constant for all the drugs under comparison.
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Behavioral procedures for determining the appetitive and/or aversive
properties of drugs have as well extended the application of
classical conditioning methods to the assessment of drug abuse
liability. Conditioned taste aversion paradigms have been employed,
for example, in which the consumption of a saccharin solution to
which an animal has been previously exposed in association with
psychoactive drug injection is subsequently compared with water.
Saccharin preference under such conditions indicates appetitive drug
effects whereas saccharin rejection suggests aversive properties
even though drug self-administration tests may reflect reinforcement
effect (Cappell and LeBlanc 1975). A similar "place preference"
procedure involves a comparison of the time spent in each of two
distinctive environments (i.e., differing in visual, auditory,
olfactory, and/or tactile cues) as a Tfunction of different drug,
drug dose, or vehicle injections under such clearly discriminable
conditions. The appetitive effects of cocaine or morphine, for
example, are reflected in the increased time spent in the
environment associated with such drug injection, while aversive
effects produce avoidance of the drug injection site (Mucha et al.
1982).

v) Binding assays

With the discovery of specific receptors to which opioids,
stimulants, neuroleptics, and benzodiazepines bind, quantitative
study of structure-activity relationships (QSAR) has emerged as a
major pharmacological method which has provided extensive
information regarding the basic mechanism of action of drugs of
abuse. Binding sites in brain tissue have as well been reported for
both PCP and its analogues, and the good correlation between binding
affinity and potency in clinical use has served not only to enhance
understanding of drug/receptor interactions, but to validate the use
of this technique as a predictor of drug effects as well. While
binding to CNS tissue 1is normally associated with a drug"s
physiological/behavioral effects, binding assays involving other
tissues (e.g., smooth muscle) have proven equally useful. In fact,
guinea pig ileum and mouse vas deferens have been used extensively
to characterize the binding characteristics of the opioids and
endogenous, opiate-like peptides (Kosterlitz et al. 1973; Woods et
al. 1981).

The basic concept in binding studies involves the use of a
radiolabelled (e.g, °H, or less frequently, ') [ligand (e.g.,
dihydromorphine, flunitrazepam) which is first incubated with the
tissue to which nonlabelled test drug is then added. By measuring
the remaining radioactivity on the tissue, the degree of
displacement of the labelled ligand can be determined, and thus a
measure of relative affinity for the binding site is obtained for
the test compound. Additional information regarding the binding
characteristics of drugs of abuse is obtained by determining the
effects of adding receptor antagonists or electrolytes (e.g., Na+)
to the incubation (Pert and Snyder 1974). Differential and
incomplete displacement of binding has been interpreted to mean that
there are multiple receptor populations for a specific drug class.
In many instances, a high correlation between the results of binding
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studies and the observed physiological and behavioral effects with
certain drugs has been found. This has led to the inclusion of
binding characteristics in the pharmacological profile of some
drugs.

2. Procedures for Assessing Physical Dependence Potential
a. Jolerance to Drug Effects

The development of tolerance to a drug is vreflected by an
attenuation of the original response with subsequent exposures to
the drug. Thus, the dose must be increased in order to re-establish
the original response. By quantifying the acute effects of a drug,
it is possible to track the development of tolerance to any one
effect. This is particularly important because tolerance does not
necessarily develop equally, that is, to the same degree or at the
same rate, to all of a drug"s effects. Tolerance may be
dispositional or functional; the former 1is primarily due to an
increased rate of biotransformation and/or drug elimination from the
body, while the latter refers to a diminished sensitivity of the CNS
(Kalant et al. 1971). An additional dimension to tolerance which
has become evident as a result of refinements in the development of
performance procedures is behavioral tolerance. This phenomenon may
be apparent only with respect to some specific aspect of the
behavioral repertoire which has previously been "learned"” under the
influence of the drug (see above "Behavioral Performance'™ section).

The development of tolerance is most apparent when exposure to the
drug is continual. Various techniques have been employed to
maximize drug exposure, including continual infusions, multiple
parenteral injections, addition of a compound to food or drinking
water, and implantation of subcutaneous pellets or miniature osmotic
pumps.

b. Withdrawal from Chronic Drug Administration

The abstinence syndrome is defined by the physiological and
behavioral consequences of terminating chronic administration of a
drug (also called abrupt withdrawal). Both the dose and duration of
exposure determine the dependence potential of a drug, and the
degree of dependence potential differs among drugs from different

classes. The basic procedures for assessing these effects, however,
are similar in format, and involve two basic techniques: direct or
primary (dependence), and single dose substitution (Fraser and
Jasinski 1977). In the former, the test compound is administered on

a chronic basis to drug-naive animals; the initial dose is usually
low, and as tolerance to toxic effects develops, the dose is
increased. At the end of the dosing schedule the drug is withheld,
and the animals are observed for physical signs and symptoms of
withdrawal . Single dose substitution procedures involve rendering
animals dependent on a standard drug (e.g., morphine, barbital) for
a specified period of time. The drug is then withheld, and the
animals are observed for withdrawal signs. Once the withdrawal
syndrome appears, a single dose of the test compound is administered
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to determine whether the withdrawal signs can be reversed or
attenuated.

A recent development in the study of relative dependence potential
has been the use of a functionally equivalent dosing regimen for the
drugs being compared (Boisse and Okamoto 1978). This procedure
takes into account the physicochemical properties of a drug which
determine metabolic and elimination rates (and thus, the amount of
drug in the body) as a factor influencing dependence potential. The
most common procedures for accomplishing functional equivalence are
behavior rating scales (for degree of CNS depression) and devices
for measuring ataxia (e.g., rotating rod). Doses are adjusted in
order to maintain equal degrees of sedation.

Most dependence studies are conducted using spontaneous withdrawal
techniques (i.e., the drug is simply discontinued). Techniques for
assessing opioid dependence potential, however, have been extended
by the development of an opioid receptor antagonist, naloxone.
Thus, precipitated withdrawal is possible and the need to wait 12-24
hours for withdrawal signs is obviated. The recent discovery of a
benzodiazepine receptor antagonist (Ro 15-1788) has also provided
for a similar extension of dependence assessment procedures with
this increasingly more prominent class of clinically useful
compounds (Lukas and Griffiths 1982).

3. Procedures for Assessing Abuse Liability
a. Drug Self-Administration

Drug self-administration procedures represent the most widely used
method for assessing relative abuse liability with drugs belonging
to various classes. With the development of a chronic intravenous
catheter (Clark et al. 1961; Weitzman et al. 1961) and methods for
automated delivery of drugs, studies of drug self-administration
were TFfirst undertaken in rats over two decades ago (Weeks 1962;
Weeks and Davis 1964). Procedures for implanting i.v. catheters in
non-human primates have since been refined and detailed (Deneau et
al. 1969; Lukas et al. 1982). Chronic intragastric catheters have
also been developed for rats (Gotestam 1973; Lukas and Moreton 1979)
and primates (Altshuler et al. 1975; Lukas et al. 1982)) and
automated drinking systems have been described in reports of oral
drug self-administration studies (Meisch and Henningfield 1977; Ator
and CGriffiths 1982).

Two basic types of drug self-administration procedure are commonly
used: 1) continuous or direct, and 2) substitution. In the former,
the animal is allowed access to the test compound without prior
experience. This procedure is useful in assessing whether an animal
will initiate self-injections of the test compound, and if so,
whether responding for the compound will change over time. In the
substitution procedure, drug self-administration is first
established with a standard compound (e.g., cocaine, morphine) known
to be reinforcing, that is, animals will work to obtain access to
the compound. Once performance and drug intake have stabilized, the
test compound is substituted for the standard. The abuse liability
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pattern 1is defined by numerous characteristics including intake,
time course, and stability of responding. Once self-administration
behavior is established with a compound (e.g., dose-response
functions are generated, relative potencies are determined), the
next step in characterizing abuse liability is to determine relative
degree of reinforcing efficacy. Numerous procedures including
progressive ratio, response rate analysis, discrete-trial choice,
and concurrent schedule control, have been utilized to address this
question.

i) Progressive Ratio Procedures

Progressive ratio procedures involve a two-step operation in which
stable operant performance (typically maintained on a Tfixed-ratio
schedule) is first obtained with the reinforcer. Subsequently, the
number of responses required for delivery of reinforcement is
systematically increased until responding falls below some criterion
level. The highest ratio at which performance remained above
criterion is referred to as the "breaking point"; Hodos and Kalman
(1963) demonstrated that the higher the concentration or volume of
liquid reinforcer the greater the breaking point. Because of this
relationship the breaking point is taken to represent a measure of
relative reinforcer strength.

The extent to which a progressive ratio procedure can provide useful
data regarding the reinforcing efficacy of a drug is dependent upon
the Tfulfillment of certain criteria. First, since the actual
procedure followed varies substantially between laboratories, it is
important to recognize that the measures obtained are not absolute,
but rather are relative to some standard. Therefore, it is crucial
that all interpretations of reinforcing strength be made on the
basis of relation to a standard compound (e.g., morphine,
pentobarbital, cocaine, etc.). Second, since the reinforcing
properties of drugs are dose related, there 1is every reason to
suspect that the breaking point may also be dose related. Thus,
complete dose-effect curves must be evaluated in order to determine
not only whether different drugs maintain higher breaking points,
but also whether different doses maintain this performance as well.

ii) Response Rate Analysis

Interpretations of relative reinforcing strength can sometimes be
measured in terms of the rate of responding prior to the drug

injection. The degree to which this applies, however, is dependent*®
upon the schedule of reinforcement employed. Historically, a
negative correlation has been shown to exist between drug dose and
response rate (Downs and Woods 1974; Goldberg et al. 1972; Pickens
and Thompson 1968). The response requirement for these studies was
typically a continuous reinforcement or a low fixed ratio, and thus,

the direct effect of the self-injected drug was most likely
responsible for the decreases”™ in response rate. Using schedules
that employ either a fixed-interval schedule (Balster and Schuster
1973) combined with a time-out (15 minute) period after each self-

injection or a fixed ratio schedule with a long time-out period
(Griffiths et al. 1981), however, it is possible to observe a
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positive relationship between increasing drug dose and higher rates
of responding. This relationship does nonetheless have the
limitation that, as the direct effects of higher doses of the drug
persist for, longer periods of time, response rates will decrease.

iii) Choice Pr r

An obvious extension of procedures that assess the reinforcing
strength of a single drug is one which permits an animal to select a
preferred drug dose, or to choose between two different drugs.
Typically, different colored lights are used to signal the
availability of different reinforcers. After initial exposure with
various doses of a single drug (Brady and Griffiths 1977) or two
different drugs (Johanson and Schuster 1977), the animal 1is given
the opportunity to choose between the doses or drugs by operating a
third lever which switches the color of a viewing light indicating
which reinforcer is available. Only one reinforcer is available at
a time. Completion of the response requirement on the appropriate
lever results in delivery of drug previously associated with that

1 color. The percentage of choices of one drug or dose over another

and the response rates maintained by the injection are determined to
reflect the relative degree of reinforcing strength. Attempts to
eliminate possible confounding effects of drug interactions have
resulted in procedures which offer choices between drug and food
(Griffiths et al. 1975).

iv) Concurrent Schedules

The procedures for assessing concurrent drug availability differ
from choice procedures in that concurrent schedules make both drugs
(or different doses of the same drug) available simultaneously.
Using variable interval schedules, higher rates were generally
associated with the response alternative which delivered higher
cocaine doses (lglauer et al. 1975). As with other procedures, this
relationship became asymptotic as higher doses were studied.

b.

Assessment of the discriminative stimulus properties of drugs has
been recently demonstrated to provide a useful adjunct to self-
injection techniques for the evaluation of a pharmacological agent®s
abuse liability. The value of drug discrimination procedures in
this regard relates to the fact that these procedures are designed
to utilize the physiological or interoceptive alterations induced by
many psychoactive drugs as the '"cue" for an appropriate response to
obtain food or avoid shock (Overton 1971). Thus, these procedures
can provide information analogous to a human testing situation in
which subjects categorize drugs with respect to their subjective
effects.

The basic procedure involves training animals to respond
differentially (depending upon the nature of drug pretreatment) in
either a T-maze (e.g., go left if drugged; go right if nondrugged)
or a two-lever choice situation (e.g., left lever produces food or
avoids shock if drugged; right lever produces food or avoids shock
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if nondrugged). Training time can be decreased by introducing
differential drug conditions on the first exposure rather than
pretraining on both levers or arms of a T-maze (Overton 1979). Once
stable responding has been established and the percent of correct
responding is high (e.g., >)85%) then test sessions are initiated in
which novel drug conditions are presented in order to assess
generalization. Within the context of abuse liability testing,
three basic procedures can then be followed. First, generalization
of the training dose can be demonstrated for other doses of the
training drug (Schuster and Balster 1977). This ensures that the
discriminative stimulus of the drug is in fact controlling the
responding. Secondly, once an appropriate training drug and dose
are chosen, generalization to other compounds within the same
pharmacologic class can be assessed to provide evidence for the
pharmacological specificity of drug stimulus control. All results
must be interpreted in relation to the training drug dose, however,
since this can markedly affect the results of such testing (Waters
et al. 1972). Thirdly, cross-generalization to drugs belonging to
other pharmacologic classes can be assessed in a similar manner.
Generally, drugs belonging to the same or similar classes tend to
produce training-drug-appropriate responding while drugs from
different classes do not (Colpaert and Rosecrans 1978).

c. Behavioral Toxicity

A broad range of performance procedures has been used to assess both
the acute and chronic decrements which define the behavioral
toxicity of abused drugs. Progress in this area of pharmacology has
closely paralleled laboratory developments in the experimental
analysis of behavior, and has focused most recently upon
psychophysical methods for sensorimotor assessment. The role of
behavioral toxicology has become increasingly important in such drug
evaluation because substances with only minimal (if any) disruptive
behavioral or physiological effects are not generally regarded as
having significant abuse liability even though self-administration
may be widespread (e.g., caffeine in tea or coffee). In contrast,
compounds self-administered even sparingly which produce disruptive
physiological/behavioral changes are considered to have high abuse
liability (e.g., |lysergic acid diethylamide). Drugs may fall
anywhere on the continua defined by these parameters and relative
abuse liability is most effectively determined by a comprehensive
assessment of these interactive behavioral/physiological dimensions.

Most procedures employed are based on standard behavioral paradigms
(Weiss and Laties 1975), and,as such, are distinguished from the
more traditional assessment of teratology. Performance decrements
are usually assessed in terms of motor impairment as an index of
behavioral toxicity (e.g., changes in lever pressing to obtain food
or avoid shock), although recent developments in the application of
classical psychophysical procedures have broadened the scope of
sensorimotor evaluation techniques. These refinements in animal
psychophysical methodologies have made available valid and reliable
experimental procedures for precise measurement of sensory functions
in non-human primates, birds, rodents, and carnivores (Masterton et
al. 1969; Stebbins 1973; Fay 1974; Dolling 1980). In general, these
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advances can be seen to have resulted from a marriage of two
technologies--classical human psychophysics on the one hand, and
animal learning and conditioning on the other. Further, the
training and testing procedures for obtaining valid and reliable
measures of sensory function in such animals have been thoroughly
documented (Blough 1966; Stebbins 1970). providing convincing
demonstrations of their sensitivity and specificity in more general
behavioral pharmacology applications.

Most recently, for example, applications of these psychophysical
procedures to the evaluation of auditory and visual threshold and
reaction time changes in baboons have been reported following
pharmacological treatments involving several drugs of abuse (Brady
et al. 1979; Hienz and Brady 1980; Hienz et al. 1981). Baboons
housed in individual cages and maintained on a 22-hour restricted
feeding schedule were trained to press a lever and hold it depressed
for varying intervals until presentation of a light flash or tone
burst. Correct responding (defined by release of the lever within
1.5 seconds of stimulus presentation) was rewarded with banana-
flavored food pellets. A 1l-second intertrial interval (ITI) was
then imposed during which no stimuli were presented and any lever
press reinstated the ITI. Experimental sessions were conducted
daily over a Z-hour period with auditory and visual thresholds
determined by randomly varying the intensity of the test stimuli
from trial to trial and examining the number of correct lever
"releases. Four to five separate measures of thresholds and reaction
times were obtained, each based on blocks of 140 trials, thus
providing a measure of the time course of drug effects.
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6. Procedures for Assessing Opioids
1. Characterization of Opioid Effects
a. Acute Drug Effects

i) Analgesia

Numerous methods are currently available that provide reliable
assessments of the analgesic potency of an opioid. Traditionally,
methods have been segregrated into two classes depending on the
degree to which a non-opioid (e.g., salicylate) can be distinguished
from an opioid analgesic. In the case of the former, Randall and
Selitto (1957) have described a technique in which brewer®s yeast
(0.1 ml of a 20% suspension) is injected into a rat"s foot. The
ensuing pain and swelling are determined by applying increasing

pressure to the foot. Salicylates elevate the pain threshold in the
inflamed foot only, while opioids elevate pain thresholds in both
hind legs.

Procedures for assessing the analgesic properties of opioids are
mainly conducted with rodents and assess the degree of pain from
heat (e.g., tail flick, hotplate), pressure (tail compression), or
electric shock (e.g., shock titration, stimulation). With the
exception of electric shock, the basic procedures are similar and
are usually characterized by a group study design, appropriate
controls (e.g., for habituation), operationally defined end-point
responses (e.g., paw lick, vocalization), and a maximal cut-off time
to prevent tissue damage. The tail flick (D"Amour and Smith 1941),
hotplate (Eddy and Leimbach 1953), hot water (Janssen et al. 1963),
electric stimulation (Knowlton and Cross 1943), flinch jump (Evans
1961)) and tail compression (Dandiya and Menon 1963; Geller et al.
1979) methods all include these features. Typically, animals are
first tested for their sensitivity to the system under non-drug
conditions. Then, groups of 8-10 rodents receive either the test
drug or vehicle and are retested at various intervals (e.g., 10
minutes). The "index of analgesia" can then be obtained by
employing the method of Cox et al. (1968) which normalizes the
results from different compounds. Analgesia (as measured by an
increased latency to respond) is characterized not only by the time
to peak effect, but by onset and offset as well. The use of a
maximal cut-off time would generally preclude the quantitation of
analgesic efficacy. However, calculation of a percent of "maximal
analgesia” according to the formula (test)-(control)/(maximum)-
(control) X 100 can circumvent the problem. Collins et al. (1964)
attempted to obviate the problems associated with the artificial
“ceiling” of analgesic effect with opioids by using a rectal
electrode method for delivery of electrical stimulation of
increasing intensity in the range of O to 24 V, at a rate of 1 V/set
with rats. Reaction thresholds were measured as a function of the
time from the onset of stimulation until vocalization. Drugs were
given s.c. or i.p. and animals were tested at 15 and 30 minutes, and
then at 30 minute intervals for 3 hours after drug administration.
Weak analgesics such as acetylsalicylic acid were inactive, while
barbiturates were active only at doses that induced deep CNS
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depression. Using the increase in threshold in volts (rather than %
of control), the dose-effect curve for morphine increased
exponentially with increasing dose while codeine possessed a much
shallower, linear curve.

ii) Spontaneous Locomotor activity

These procedures described above in general methods are commonly
used to assess the pharmacological activity of opioids. While the
measure of locomotor activity does not provide information relevant
to the prediction of dependence potential, it does provide a baseline
for the study of tolerance and cross-tolerance to other drugs.
Opioid-induced changes in locomotor activity are characterized by
both depressant and stimulant actions. In general, the biphasic
response consists of an initial depressant phase which typically
precedes the delayed stimulated phase. Since the overall effect is
species-, dose-, and time-dependent, however, it is important to
obtain  frequent measures of locomotor activity after drug
administration rather than single, fixed-time measures (e.g., 30
minutes post injection).

iii) Electroencephalographic (EEG) activity

Visual analysis of the direct EEG has revealed that morphine and its
surrogates slow the predominant frequency and increase high-voltage
delta activity (Khazan 1975); some analogues such as methadone
induce spike-and-dome activity after high doses.. On the basis of
EEG and behavioral profiles and naloxone sensitivities, it Iis
possible to distinguish between opioids acting at different
receptors (Tortella et al. 1980). While the effect of opioids on
the EEG are readily discernible, the need to quantify the changes in
both voltage and frequency components has resulted in the emergence
of numerous computer-assisted techniques. Currently, power spectral
analysis iIs used to quantify not only the acute effects of opioids,
but the development of tolerance, cross-tolerance, and drug-seeking
behavior as well (Young et al. 1978).

In the application of EEG procedures for assessing the acute effects
of opioids, as described in general methods above, opioid effects
may appear in biphasic form. In characterizing the EEG profiles of
morphine, methadone, l-alpha-acetylmethadol (LAAM) and its two
demethylated metabolites (NLAAM and DNLAAM), for example, an 8-hour
post-injection evaluation revealed the appearance of distinct EEG
changes 1-2 hours after LAAM which matched those observed
immediately after NLAAM (Lukas et al. 1980). Cross-tolerance has
also been quantified using power spectral analysis (Lukas et al.
1982) with opioid challenges in LAAM-maintained rats producing
attenuation of the EEG voltage and a shift to a higher predominant
frequency. The technique also distinguished between high and low
maintenance doses of LAAM and, in addition, demonstrated that the
development of cross-tolerance to morphine was more complete than
that developed to methadone.

Shifts in the predominant EEG frequency during rapid-eye-movement
(REM) sleep have as well been used to track drug-seeking behavior in
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dependent rats (Young et al. 1978). The REM sleep predominant
frequency gradually slows during the 2-hour interinjection interval
until the next self-injection of morphine when "reset" to the faster
frequency (i.e., about 1 Hz) is observed. Power spectral analysis
has also been utilized to characterize the EEG profile of the
prototypic mu, kappa, and sigma agonists (Young et al. 1981). The
different compounds are defined by a unique fingerprint-like array
based on the voltage and frequency components of the power spectrum.
Thus, the mu agonist morphine produces a large increase in voltage
over the 0-10 Hz band while ketocyclazocine (a kappa agonist)
produces a definite peak in the 5-8 Hz band with lower activity in
the 0-4 Hz band. (N-allyl-normetazocine, the putative sigma agonist,
produced .a power spectrum characterized by relatively much lower
voltage in the 0-10 Hz band, and a small, sharp peak at 7.5 Hz.

iv) Behavioral performance

Although behavioral methods have been utilized to assess analgesic

activity (e.g., shock titration), conditioning techniques have not
generally been used to identify opioids or distinguish them from
other drug classes. Behavioral paradigms for the assessment of

opioid activity have focused mainly on the measurement of tolerance
and, more recently, in the classification of opioids based upon the
subclasses of opiate receptor activity. Antagonist-induced (i.e.,
naloxone, naltrexone) differential shifts in the dose-response
curves of opioid effects upon lever-pressing in rats on a fixed
interval food reinforcement schedule, for example, have been related
to the several presumed subpopulations of opioids (Harris 1980).
The agonist morphine was completely antagonized by naloxone or
naltrexone while butorphanol, ketocyclazocine, ethylketocyclazocine,
and low doses of cyclazocine were only partially antagonized. The
rate-decreasing effects of SKF-10,047 and high doses of cyclazocine
were not blocked by the opioid antagonists.

V) izur hreshol

Using the flurothyl-induced seizure assay in rats, opioids have been
shown to either decrease, increase, or have no effect upon seizure
thresholds. On the basis of these differential effects, opioids
have been classified into four distinct subclasses based upon the
observed dose-response. relationships, stereospecificity, naloxone
sensitivity, and development of tolerance-cross-tolerance (Cowan et
al. 1979). The technique for flurothyl administration has been
detailed by Truitt et al. (1960) and Adler (1975). Animals are
placed in a large volume (e.g., 3-4 1) glass jar. A screen holds a
gauze pad inside the jar which is fed by plastic tubing connected to
a syringe containing a 10% v/v solution of flurothyl in ethanol.
Controlled continuous infusion of flurothyl onto the gauze is
maintained by an infusion pump at a rate of 0.103 mi/min. A full-
blown generalized seizure usually occurs about 320-350 seconds after
the onset of the infusion.

The profile of flurothyl-induced seizures has been described for

rats as containing four components. The rat"s typical exploratory
behavior is interrupted by short periods of ‘'freezing” or
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immobility. Between 150 and 200 seconds after infusion onset,
jerky, tremor-like movements prevail which are replaced by preclonic
or myoclonic jerks occurring 50-100 seconds later. Clonic movements
of the forelimbs signal the onset of the full seizure involving
both forelimbs and hindlimbs. Test compounds are administered
subcutaneously to individual rats 30 minutes before exposure to
flurothyl. The time interval between the start of the infusion and
the onset of a clonic convulsion is used as the seizure threshold.

vi) Spinal dog preparation

The chronic spinal dog assay (Martin et al. 1976) has been used to
assess the pharmacologic effects of many opioids, determine relative
potencies, and provide a means of establishing pharmacological

equivalence. The technique allows simultaneous measurement of
pupillary diameter, pulse rate, pain reflexes, touch reflexes, and
body  temperature among other physiological processes. The

preparation is also capable of differentiating between naive and
opioid-tolerant animals and the measures obtained are sufficiently
sensitive to allow detection of an opiate abstinence syndrome, even
after relatively low doses. Results obtained with this technique
contributed to the formulation of opiate receptor subspecies
accounting for the effects of any given opiate by its action on one
or a combination of three receptors (Gilbert and Martin 1976; Martin
et al. 1976).

The preparation involves transection of the spinal cord at either a
high (e.g., 5th-6th cervical) or a low (e.g., 10th-11th thoracic)
level. Standard measurement of pupillary diameter, pulse rate,
respiratory rate, and body temperature follows recovery from surgery
(Martin and Eades 1964). Somatic reflexes elicited below the level
of spinal cord transection are recorded isotonically (Wikler and
Frank 1948) in the following order: patellar reflex, crossed
extensor reflex, ipsilateral extension thrust, and the ipsilateral
flexor reflex (Martin et al. 1964). The patellar reflex is evoked
using a reflex hammer applied at a rate of about once every 3
seconds. Dorgen forceps are applied across the first and fourth
toes of a hindlimb for 3 seconds in order to evoke the crossed
extensor and ipsilateral flexor reflex. Rapid extension of the toes
or pressure applied to the base of the toe pad elicits the
ipsilateral extensor thrust.

Control observations of all measures and reflexes are made 30
minutes before acute drug administration, and repeated at 15 and 30
minutes post drug and then hourly for 5-7 hours. Total scores are
obtained for each measure by summing the differences between the
before and after drug responses. In this manner, the overall
pharmacologic profile of a compound is obtained and compared to
standard compounds.

vii) Gastrointestinal motility
Acute administration of opioids causes a marked reduction in the

propulsive action of the entire gastrointestinal (G.l.) tract. This
is associated with an increase in tone, the net effect being to
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delay gastric emptying and slow passage of the contents through the
intestines. The movement of gastric contents through the G.l. tract
can be measured fairly accurately using the charcoal meal method in
rodents (Green 1959; Cowan et al. 1977). Groups of rats are food
deprived for 18 hours, but water is available up until 1 hour before
testing. Twenty minutes after subcutaneous injection or 50 minutes
after oral administration of the test compound or vehicle control,
the rats are given a charcoal meal (5 ml/kg) via gavage. After a
standard time interval (usually 10 minutes) the rats are killed by
cervical dislocation and the distance travelled by the charcoal meal
along the small intestine from the pyloric sphincter is measured.
This distance is then converted to a percentage of the total length.

Opioids significantly slow the passage of the charcoal meal along
the intestines. Furthermore, this effect is dose-related for
morphine with a maximal effect (i.e., no distance traveled) observed
after 3 mg/kg, s.c. (Cowan et al. 1977). Buprenorphine, in doses of
0.01-1.0 mg/kg, s.c., similarly decreases the passage of the
charcoal meal, but higher doses (i.e., 10-30 mg/kg) result in a
reversal of this effect until the distance traveled is the same as
after vehicle control (Cowan et al. 1977). The procedure thus
appears to be sufficiently sensitive to detect both agonist and
antagonist effects of the opioids.

viii) Body temperature

Opiates produce marked changes in body temperature in many species.
The specific effect, however, depends on a number of Tfactors
including species, strain, sex, and age of subject, housing
conditions, ambient temperature, degree of restraint, the particular
drug used, its dose and route of administration. (See reviews by
Burks and Rosenfeld 1979; Clark and Clark 1980; Lotti 1973).

Body temperature is commonly measured by means of a rectal
thermistor probe at regular time intervals after drug administration
(e-g., every 30 minutes for 4-6 hours). Mean changes from pre-drug
baseline and areas under the time-response curves are calculated.
Opioids thought to act on different receptor types have been studied
using variations on this basic technique in several species (e.g.,
mouse, Rosow et al. 1980, 1982a,b; rat, Geller et al. 1983; cat,
Clark and Cumby 1978, Clark and Ponder 1980, Clark et al. 1981).

For continuous measurement, either surgical implantation of a
thermistor or restraint of the animal is generally required. The
latter condition, however, has been shown +to influence the
thermoregulatory effects of opiates (Holtzman and Villarreal 1969;
Martin et al. 1977). Whole-body calorimetry is a more sophisticated
technique that allows continuous measurement of several
thermoregulatory-related responses (e.g., oxygen consumption,
respiratory water loss) in addition to simple body temperature (Lin
et al. 1979).
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ix) Pupillary effects

Change in pupil size is a well-known effect of opiate
administration. As with body temperature, the direction of change
is species-dependent. Man, rabbit, and dog respond to morphine with
miosis (constriction); cat, rat, mouse, and monkey exhibit mydriasis
(dilation). until recently, pupil size was commonly measured
several times after drug administration by direct observation, with
calipers, or by means of still photographs (Nomof et al. 1968;
Janssen and Jageneau 1956; Gerald et al. 1976; Jasinski and Martin
1967) . More precise, almost continuous measurement can now be
achieved through cinematography and infra-red videopupillometry
(Tallarida et al. 1977; Murray and Loughnane 1981; Adler et al.
1981). Frequent sampling methods are highly recommended because of
the fluctuations in pupil size induced by opioids (Henderson and
Graham 1925; Oono 1965; Klemfuss et al. 1979; Tallarida et al.
1977). The entire subject of the pupillary effects of opioids and
the methodology for studying such effects have recently been
reviewed (Murray et al. 1983).

x) In vitr r r

These procedures deal mainly with the effects of opioids on smooth
muscle tissues such as guinea pig ileum and mouse vas deferens
(Kosterlitz and Waterfield 1975). Tissues from naive, untreated
animals are used to assess the acute effects of opioids. The animal
is sacrificed and the smooth muscle is dissected, washed, suspended
in Tyrode®s solution, and affixed to an isotonic gravity lever.
Contractions are recorded kymographically or via a force transducer.
Once stable, the tissue®s normal response to electrical stimulation
is determined. The procedure is then repeated in the presence of
various concentrations of opioid agonists and mixed agonists/
antagonists in order to determine relative potencies and efficacies.
The opioid-induced attenuation of the electrically produced
contraction or twitch is blocked by naloxone and serves as the basis
for the determinations of "P%," values (Takemori et al. 1969).

xi) Binding assays

The affinity of opioids for binding sites in the CNS can be
determined in numerous species including rat, cat, pig, and monkey.
Current procedures, based on the original work by Pert and Snyder

(19973) Simon et al. (1973) and Terenius (1973) utilize a
radiobeled (e.g, °H) agonist "such as etorphine (Simon et al.

or antagonist nalaxone (Pert and Snyder 1973) which is incubated
with a suspension of whole brain synaptosomes. Alternatively,
regional binding can be determined using only selected areas of the
brain in the incubation medium, or by photoaffinity labeling (Kuhar
and Uhl 1979).

For determination of relative binding affinity, the test compound is
incubated in the medium and its affinity for the binding site is
reflected by the amount of radiolabeled etorphine that is displaced.
The test compound is also studied in the presence and absence of
sodium chloride during the incubation. Sodium ions enhance the
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binding of agonists while decreasing the binding of antagonists
(Pert and Snyder 1973). This technique has been validated by the
demonstration that extreme values of a ratio of binding affinity in
the presence versus absence of sodium chloride predicts the
characteristics of pharmacologic action in the whole animal (Simon
et al. 1975; Woods et al. 1979).

a. Tolerance to Drug Effects

The opioids exert a wide range of effects on numerous organs and
physiological systems. In theory, tolerance to morphine can be
assessed for any of 1its measurable actions; however, tolerance
develops to the many different effects of morphine, to different
degrees, and at different rates. Furthermore, it is not known
whether the mechanisms of tolerance development for each morphine
effect have a common basis, although this is often tacitly assumed.

Tolerance to morphine after repeated administration can be evaluated
by graded assay methods where a decrease in sensitivity to a given
dose of morphine can be measured, or by quantal assays that
determine the increase in the dose of morphine required to produce
an all-or-none effect. In general, chronic administration of
opioids leads to tolerance to both the depressant effects (e.g.,
analgesia, behavioral suppression, EEG effects) and the stimulant

effects (e.g-, pupillary diameter, gastrointestinal motility).
However, the stimulant effects are less sensitive to the development
of tolerance. Since it appears that the degree of tolerance

developed is directly proportional to the duration of exposure to
the compound (both dose- and time-related), methods for maintaining
optimal exposure have followed two basic strategies: multiple
injections and continuous exposure.

Multiple injections of morphine have been given intraperitoneally,
subcutaneously, intravenously, and intracerebrally to produce
tolerance, although under certain conditions it 1is possible to
demonstrate tolerance after a single injection. In general,
however, a high degree of tolerance is attainable only after
frequent repeated injections of high doses of morphine over several
weeks. In recent years, the morphine pellet implantation procedure
(Way et al. 1969) has been widely used to produce a high degree of
tolerance and physical dependence, as well, in the mouse, rat, and
guinea pig within three days. One or more specially formulated
pellets containing 75 mg morphine base (Gibson and Tingstad 1970)
are inserted subcutaneously in the back of the animal after making a
small incision.

After implantation of the morphine pellet(s), animals exhibit the

characteristic signs of acute morphine effects. In mice this
consists of the typical Straub tail and increased motor activity
within 30 minutes after implantation of a single pellet. By 24

hours, the acute effects have subsided and the general behavior of
the morphine-implanted mice resembles that of placebo -implanted
controls. In rats, the typical acute narcotic effects are also
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observed shortly after implantation of 1 or 2 pellets. These signs
include a cataleptic state, exophthalmos, and shallow respiratory
movements (Wei and Way 1975). In the guinea pig, after implantation
of 4 morphine pellets, the animals become sedated for 24 hours and
have a decreased reaction time to a thermal stimulus when tested by
the hot-plate method. Reaction times return to normal 14 hours
after implantation. A biphasic change in body temperature and some
body weight loss were also observed during the first 2 days after
implantations (Goldstein and Schulz 1973). In all three species,
tolerance and physical dependence are maximal on the third day after
pellet implantation.

In vitro procedures are also available for studying opioid
tolerance. Tolerance development in the ilea of guinea pigs can be
induced by implanting morphine pellets subcutaneously (Goldstein and
Schulz 1973; Huidobro-Toro et al. 1978). A supplementary amount of
agonist should be added to the media to prevent abstinence when the
preparation is washed. Tolerance in vitro can also be produced in
this preparation by incubating segments of excised ileum from naive
animals with the agonist at 370C for 1 to 4 hours (Rezvani et al.
1983); the effect is stereospecific for the active lI-isomers and can
be prevented by naloxone. Development of tolerance to one opioid is
accompanied by cross-tolerance to other opioids of the same
subclass.

b. Withdrawal from Chronic Drug Administration

An abstinence syndrome 1is represented by a “constellation of
behavioral signs that is peculiar to a given species. Not all the
signs will appear in one subject and certain of the signs may be
exhibited by a nondependent one. In any assessment, therefore, the
selection of the signs to be observed and their relative rank
ordering of importance are sometimes made arbitrarily. Several
dimensions can be considered, including the frequency of occurrence,
the intensity of each event, and the probability that such a sign
would occur in a given population. For example, withdrawal jumping
is a characteristic abstinence sign in the mouse (Collier et al.
1972). The mean number of jumps per mouse, the height of each jump,
and the incidence of jumping may all be used to quantify the
withdrawal behavior.

In choosing a particular sign of withdrawal for judging dependence
intensity, the possibility that experimental manipulation of the
dependent state might selectively affect only the withdrawal sign
and not the total syndrome must always be kept in mind. This
criticism can be met by using several withdrawal signs. However,
the rates of development of withdrawal signs are not always parallel
and certain intense abstinence signs may suppress the appearance of
other signs (Blasig et al. 1973).

The abrupt withdrawal syndrome is difficult to quantify because the
protracted course of abstinence requires extended observation for

several days. The slow onset and prolonged course of abrupt
morphine withdrawal have led to the increasing use of antagonist-
precipitated withdrawal for evaluating physical dependence. The
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syndrome produced by opiate antagonists, in contrast to abrupt
withdrawal, is a rapid, explosive event that condenses in a short
time period the abstinence signs of abrupt withdrawal.

Withdrawal signs that appear upon termination of chronic exposure to
an opioid fall into three basic classes: autonomic (e.g., blood
pressure, pulse, diarrhea, respiratory rate, pupil diameter, body
temperature), somatomotor (e.g., hociception, various neuromuscular
reflexes, Straub  tail, convulsions), and  behavioral (e.g.,
irritability, eating and drinking, sleep, degree of alertness). In
general, the autonomic signs appear first and, in the absence of
other signs, suggest a mild abstinence syndrome. The appearance of
somatomotor effects constitutes a more intense syndrome. Behavioral
Changes are observed throughout the course of withdrawal, though
they may make their initial appearance after the early autonomic
signs.

The dependence potential of opioids has been quantified in numerous
species including mice, rats, dogs, and monkeys. The procedures
most commonly used to assess withdrawal effects with opioids involve
rating autonomic signs, seizure threshold, reflexes, body weight,
body temperature, and EEG activity. Body weight in rats falls
following either abrupt or precipitated withdrawal and often amounts
to as much as 10% of the pre-withdrawal weight. Maximum changes are
noted about 1-2 hours after precipitated and 48 hours after abrupt
withdrawal (depending on half-life of the opioid). Other species
show different time courses of effect depending on pharmacokinetic
factors (Akera and Brody 1968; Wei and Way 1975). The antagonist-
induced jumping that occurs 1in opioid-dependent rodents can be
utilized to provide a sensitive, precise measure of one sign of
physical dependence. Utilizing as an index the dose of naloxone
(EDsy) to precipitate withdrawal jumping in dependent mice, a
decrease in the naloxone EDs, over time by 70-fold has been
demonstrated as animals become increasingly dependent on morphine
after pellet implantation (Way et al. 1969).

Numerous methods have been used to maximize the animal®s exposure to
opioids, and thus induce dependence. Oral administration remains a
favored route because of its ease and minimal maintenance. This is
accomplished either by gavage (Stolerman and Kumar 1970),
intragastric catheter (Lukas et all982), or in the drinking water
(McMillan et al. 1974). Continuous exposure to opioids has also
been accomplished by programmed intravenous injection (Weeks 1962),
intraperitoneal injection using a chronic 1i.p. catheter (Teiger
1974), reservoir implantation (Goode 1971), and pellet implantation
(Wei et al. 1973), with the development of miniature osmotic pumps
(e.g., Alzet) adding to the sophistication of such implantation
procedures (Wei and Loh 1976).

i) Primary physical dependence
Methods for assessing the dependence potential of morphine in rats
were developed by Akera and Brody (1968). While the procedure for

other species varies, the basic method is as follows:
evenly spaced injections should be used, but dependence can also
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easily be produced with two injections per day: 1 in the morning

and 1 in the late afternoon or evening. As tolerance to the
sedative and depressant effects develops, the maintenance dose is
increased. Once the desired dose and duration of exposure are

reached, the withdrawal syndrome can be observed either by stopping
the injections (abrupt or spontaneous withdrawal) or by injecting a
small dose of the opioid receptor antagonist, naloxone (precipitated
withdrawal). In general, spontaneous withdrawal is characterized by
slow onset (hours), relatively moderate intensity, and long duration
(hours-days) while precipitated withdrawal has a rapid onset
(minutes), relatively severe intensity, and a relatively short
duration (1-2 hours).

ii) Single dose substitution
This method was first described for opiates by Seevers (1936) and

has been modified by a number of laboratories (Yanagita 1973).
Rhesus monkeys are treated with morphine at a dose of 3.0 mg/kg,

subcutaneously four times a day. These animals are maintained on
this regimen for long periods of time and thus acquire a relatively
stable dependence upon morphine. Minimum exposure duration is 60

days. On a test day, the regularly scheduled morphine injection is
withheld until morphine abstinence signs of intermediate intensity
are present. This is typically 14 hours after injection. Then a
dose of test compound or morphine is "given s.c. and the abstinence
scores are rated on the degree of change from pre-injection. A drug
with morphine-like dependence potential will suppress the withdrawal
signs while a drug with little or no opioid agonist activity will
not affect the progressively more intense abstinence signs. The
animals are evaluated 1/2, 1, 2, and 3 hours after administration or
until they have returned to the pre-injection level. When a lower
maintenance dose of morphine (e.g., 0.3 mg/kg, s.c.) 1is used,
specific differences between pure agonists and mixed agonist/
antagonist analgesics can often be detected. Low-dose morphine-
induced dependence is maintained by mixed agonist antagonists, while
these compounds actually precipitate withdrawal in high-dose
morphine-maintained animals. Martin and co-workers (1974) have
established a standardized bioassay procedure Tfor assessing the
relative potencies for suppressing morphine-abstinence signs.

3. iabili

a. Drug self-administration

Procedures for assessing self-administration of opioids have been
described using rats (Weeks 1962; Khazan et al. 1967; Moreton et al.
1976). dogs (Jones and Prada 1973), and non-human primates (Thompson
and Schuster 1964; Deneau et al. 1969; Woods 1980). Most studies
have been conducted using animals that have been prepared with an
indwelling intravenous catheter. The animals are given an injection
which 1is contingent upon completing a required number of lever
responses (i.e., fixed ratio) or following a single response after a
preset time interval (i.e., fixed interval). Two basic procedures
are employed: continuous or direct, and substitution. A factor
relevant to the conduct of both types of studies is whether opioid
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dependence must Tfirst be present before morphine or its surrogates
will be self-administered.

i)

In this procedure (Woods and Schuster 1968) rhesus monkeys are first
prepared with an indwelling intravenous catheter and then restrained
within a cage using an extension arm and harness system (Yanagita et
al. 1965). The availability of morphine for self-injection by lever
pressing is indicated by illuminating a small light above the lever.
The schedule is then changed to a variable interval 2.5 minutes (the
first response after an average interval of 2.5 minutes results in
drug delivery). After a period of 15 days, the drug solution is
replaced by physiologic saline. Another dose of morphine is then
tested in a similar manner. In some instances, to avoid overdose,
the maximal number of self-injections allowed is limited to four.
Using this procedure, the unit dose of 10 mg/kg/inj was observed to
maintain self-injection performance though no signs of abstinence
were observed during saline exposure. In contrast, self-injection
of higher doses resulted in a distinct abstinence syndrome when
saline was substituted for morphine.

An alternative to this procedure permits access to relatively low
doses of an opioid to determine whether drug intake increases with
duration of exposure in the self-administration paradigm. This
procedure is useful in determining whether tolerance develops to the
appetitive or aversive properties of the drug.

ii) Substitution

In this procedure, drug self-administration is initially maintained
by a standard compound (usually cocaine, morphine, or codeine), and
test doses of experimental compounds are substituted upon attainment
of stable baseline performance. As a control, the drug®s vehicle or
saline is also substituted for the same duration of time in order to
monitor the extinction of drug-reinforced responding. Comparisons
can then be made between the response rates maintained by the
standard compound, saline, and the test compound (Woods 1980).

Availability of drug for self-injection is usually indicated by
illumination of a light or activation of a tone or buzzer. Upon
completion of the response requirement (usually fixed ratios of 30
or 160 responses), the standard drug is delivered via a peristaltic
or syringe pump. After stable responding for the standard drug has
been maintained, a dose of the test drug is substituted for varying
periods from 1 to 15 days. The number of self-injections and the
response rates for injection are quantified and serve as the basis
for determining abuse liability. Additional doses and test drugs
are evaluated in a similar manner.
iii) Reinforcin ffi nalysi

Extensions of the substitution procedure for evaluating the relative
abuse liability of opioids have included only a few procedures.
Response rate analysis (Woods 1980; Aigner and Balster 1979) and
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injection patterns remain the major criteria Tfor rank-ordering
compounds with respect to their reinforcing efficacy. Yanagita et
al. (1982) using a progressive ratio procedure demonstrated that
buprenorphine maintained Jlower break points than pentazocine.
Choice procedures have been used to determine the relative
reinforcing efficacy of various doses of heroin (Griffiths et al.
1981). and a recent report (Mello et al. 1981) has described the use
of second order schedules to demonstrate the reinforcing properties
of buprenorphine.

iv) Tolerance and physical dependence

The relative potency of an opioid 1is decreased with tolerance
development (i.e., higher doses are necessary to maintain
self-injection performance), but it 1is not clear whether the
reinforcing properties of the drug have changed, or, alternatively,
the animals must titrate their level of dependence. Two types of
procedures are available to avoid such problems. First, drugs can
be tested in prevously opioid-dependent (but presently non-
dependent) animals to minimize any differences which may be due to
the animal®s drug history (Steinfels et al. 1982). Secondly,
cocaine can be used as the standard drug so that the opioid
tolerance and/or dependence normally associated with codeine or
morphine does not develop. This consideration is important when
mixed agonist/antagonist analgesics are the test compounds, since
withdrawal may be precipitated upon substitution in an opioid-
dependent animal.

b. o

Procedures for assessing the discriminitive stimulus properties of
opioids have, for the most part, been developed for the rat and
monkey, but the pigeon and gerbil have also been utilized (see
reviews Holtzman 1982, 1983). Two basic methods have been employed:
shock avoidance (Shannon and Holtzman 1976) and food presentation
(Herling and Woods 1981).

In the shock avoidance procedure, animals typically must first press
a ''starting" lever after which they must press the appropriate lever
on the other side of the cage in order to prevent shock delivery.
The appropriate lever is determined by whether the animal has

received a saline injection (e.g., left lever appropriate) or an
injection of the training drug - usually morphine (e.g., right lever
appropriate). The similarities in the stimulus properties of other

opioids are then tested over a wide dose range, with 90% drug-
appropriate responding usually being the accepted criterion for
discrimination.

In the food presentation paradigm, monkeys are usually maintained at
80-9096 of their free-feeding weight and then trained to press one of
two levers iIn order to receive a food pellet (Herling and Woods
1981; Woods et al. 1982). The response requirement is usually 20 to
30 lever presses (i.e., FR 20-30) and the appropriate lever is
determined by whether the animal has received an injection of an
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opioid (e.g., either etorphine or morphine) or saline. Training is
continued until 90% or better appropriate responding is maintained.

Using these procedures, a large number of opioids have been
characterized with respect to their discriminative stimulus
properties (Holtzman 1982; Woods et al. 1982). In order to fully
characterize the conglomerate opioid class of drugs (viz a viz, mu,
kappa, and sigma agonists and mixed agonists/antagonists), however,
it is iImportant that the protocol includes animals that have been
trained on drugs other than the pure agonists morphine and etorphine
(e-g., cyclazocine, ethylketocyclazocine, N-allylnormetazocine). In
addition, different doses of these compounds should be used in order
to be able to characterize the full spectrum of a drug®"s effects
(Holtzman 1982). It is also useful to determine to what extent the
discriminative stimulus properties of these compounds can be blocked
by opioid antagonists such as naloxone or naltrexone. Finally, the
animal species utilized must be taken into account, since distinct
differences have been observed particularly between the rat, pigeon,
and monkey. Drug discrimination procedures have nonetheless been
used effectively to differentiate a number of opioids in three
classes: opioids that generalize to morphine and are antagonized by
naltrexone or naloxone; opioids that generalize to cyclazocine and
are not easily antagonized; and opioids that generalize to
cyclazocine and phencyclidine and are not antagonized (Holtzman
1982).

c. Behavioral Toxicity

To date, no procedures such as those outlined in the general

methodological section have been employed to systematically
investigate the adverse sensory or motor effects of various opioids
in animals. One study, using size selection discrimination of a

visual stimulus, showed that morphine in doses of 1-10 mg/kg
decreased reaction times in rhesus monkeys (Brown and Bass 1967).
This finding 1is consistent with other reports that morphine
possesses both depressant and stimulant effects which may be
dose related.
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i) Sleep Induction

This procedure determines the hypnotic potency of a compound in
addition to characterizing the nature of the sleep state (e.g.,
light, intermediate, deep). Typically, the fasted mouse is used and
the compound 1is administered orally, although other species and
routes may be employed. The procedure described by Gruber et al.
(1944) initially begins testing with a dose empirically derived
during pilot studies. If sleep is produced, as evidenced by loss of
righting reflex, a series of decreasing doses 1is given (ten
different mice per dose) and the EDs, is determined. Additional
data obtained include the onset and duration of sleep (from the loss
to return of the righting reflex) and the duration of symptoms
following hypnosis.

An extension of this procedure may be used to identify compounds
that prolong or potentiate the sleep time of a test compound. Two
groups of fasted mice are used; one group receives 10% of the EDs,
dose (determined as above) of a compound identified as a sedative
and the other group receives vehicle. Thirty minutes later both
groups receive pentobarbital sodium at a dose of 6 mg/kg i.p.,and
the onset and duration of hypnosis are observed and comparisons are
made between the two groups.

ii) Spontaneous locomotor Activity

The procedures described in the general methods section above are
most commonly used to assess the pharmacological activity of these
compounds which decrease spontaneous locomotor activity 1in a
dose-related manner. No distinction between compounds within the
depressant class can be made using this test, though differences in
duration of action can be detected.

iii) Electroencephalographic (EEG) Activity

Using the procedures outlined in the general methods section above,
CNS depressants have been shown to induce characteristic shifts in
the power of various frequency bands. These shifts have basically
consisted of an increase in the overall power, with the greatest
increase occurring in the 8-13 and 13-25 Hz bands (Gehrmann and

Killam 1976). This contrasts with the narcotics which typically
increase power in the 0-4 Hz band (Lukas et al. 1980). Using this
procedure, various compounds including barbiturates,

benzodiazepines, and other depressants have been classified and
compared with vrespect to the particular shifts in power and
predominant frequency after their administration (Gehrmann and
Killam 1976, 1978; Joy et al. 1971; Schallek and Johnson 1976;
Schallek et al. 1967). Benzodiazepines have a characteristic EEG
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effect and change the sleep-wakefulness cycles and continuum.
Further, one can couple behavioral effects with EEG changes
(Gehrmann and Killam 1975).

iv) Behavioral Performance

While numerous operant paradigms have been employed to study the
depressant effects of these compounds (e.g., ratio or interval
schedule responding for a reinforcer such as food or water), the
most widely used method for studying the anxiolytic effects of CNS
depressants, particularly the sedative/hypnotics, is the conflict
procedure. First introduced by Geller and Seifter (1960), the model
was TFfurther developed and refined (Cook and Davidson 1973) and
subsequently validated by Cook and Sepinwall (1975) as a predictor

of anxiolytic effects. This validation was based upon the good
correlation between the relative potencies of numerous clinically
effective anxiolytic agents (e.g-, diazepam, oxazepam,

chlordiazepoxide, phenobarbital, amobarbital, and meprobamate) and
their attenuation of punishment effects upon operant responding.
Basically, the procedure involves imposing a punishment (usually
electric foot shock) contingency upon a stable performance baseline
(usually a variable interval schedule for food). The schedules can
be either alternating or concurrent, with better separation of
performance obtained using the latter. The introduction of shock
suppresses responding for food, and the administration of a minor
tranquilizer attenuates the suppressive effects of the shock. Thus,
responding during shock is actually increased after treatment with a
benzodiazepine or a barbiturate; this selective effect is typically
observed at doses which have little or no effect on non-punished
responding (e.g., Cook and Sepinwall 1975). This procedure appears
to be relatively specific for sedative/hypnotics, while major

tranquilizers (e.g., chlorpromazine), stimulants (e.g.,
amphetamine), antihistamines (e.g-, diphenhydramine).
anticonvulsants (e.g., phenytoin), and opioid analgesics (e.g-,
morphine) lack significant effect. The procedure does not, however,
discriminate between the barbiturates, ethanol, and the
benzodiazepines.

v) Binding Assays

While the specific mechanism of action of CNS depressants has not
been completely elucidated, one common feature is that they appear

to interact with gamma-aminobutyric acid (GABA). Currently, no
specific neuronal sites have been shown to bind selectively to
barbiturates. However, they have been shown to 1increase GABA

activity in a number of in vitro preparations (Eccles et. al. 1971;
Nicoll 1978) and more recently, both anesthetic and convulsant
barbiturates enhance GABA binding to rat brain synaptosomes (Willow
and Johnston 1981).

In contrast, a receptor that specifically binds®" benzodiazepines has
been identified (Squires and Braestrup 1977; Mohler and Okada 1977)
and it has been shown that the binding of GABA to its receptor is
enhanced in the presence of benzodiazepines (Haefely 1977).
Furthermore, validation of the benzodiazepine binding assay has been
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provided by a number of studies (Braestrup and Squires 1978; Mohler
et. al. 1978) in which the affinities of benzodiazepines for the
binding site correlate well with their pharmacological activities
and clinical potencies.

Essentially, the procedure for assessing the affinity of test
substances for the benzodiazepine receptor is conducted using
tritiated diazepam or flurazepam. Appropriate neuronal tissues are
incubated with the radiolabeled ligand, and various concentrations of
the test compound are added. The relative binding affinity of the
test compound is directly related to the amount of labeled diazepam
(or flurazepam) that is displaced. Displacement of the labeled
compound is indicated by a decrease in the disintegrations per unit
time emitted from the tissue after washing.

The discovery of these specific binding sites has led to the search
for an endogenous anxiolytic ligand. Historically, numerous
compounds (e.g., the beta carbolines) have been suggested as likely
candidates, but no convincing evidence exists to date as to the
existence or identity of this substance. A more recent finding that
the benzodiazepine derivative, ethyl-8-fluoro-5,6-dihydro-5-methyl-
6-oxo-4H-imidazo[1,5a][l,4]benzodiazepine-3-carboxylate (Ro 15-1788)
can bind to the receptor and block numerous pharmacological effects
of benzodiazepines (Hunkeler et al. 1981; Darragh et al. 1981;
Mohler et al. 1981; Polc et al. 1981), however, “provides a unique
and potentially powerful tool for investigating the acute effects of
benzodiazepines and, ultimately, for characterizing the withdrawal
syndrome (Lukas and Griffiths 1982).

2. ntial
a. Tolerance to Drug Effects
Sedation is the, primary pharmacological effect of this class of
compounds. Upon repeated exposure to a standard dose, tolerance
develops as seen by an attenuation of the degree and duration of CNS
depression. According to Kalant et al. (1971), tolerance may be
dispositional or functional. The former is primarily due to an

increased rate of drug metabolism and elimination from the body
while the latter refers to a diminished sensitivity of the CNS. The
extent to which each mechanism contributes to the overall observed
degree of tolerance is unclear. For some drugs, at Ileast,
information on the relative contribution of these factors can be
obtained by conducting pharmacokinetic studies in conjunction with
the pharmacological assays. Thus, drug disappearance curves could
be constructed that would match (or in some cases, not match) the
time-effect curves. While dispositional tolerance may be relatively
important when assessing pentobarbital (see review, Conney 1967), it
cannot account for both the tolerance developed to barbital (which
is only slightly metabolized) and the development of tolerance after
intraventricular administration (Stolman and Loh 1975; Lyness et al.
1979). By employing a "maximally tolerable dose" technique, Okamoto
and co-workers (1975) have been able to separate the two components
of barbiturate tolerance. Essentially, they demonstrated that
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dispositional tolerance develops very quickly while functional
tolerance develops more gradually.

The degree of tolerance that can be attained is directly related to
the time intervals between exposures to the drug (Gruber and Keyser
1946). Numerous techniques have been employed to maximize the
exposure of the CNS to depressant drug, including: continual
parenteral administration of barbiturates (Kato et al. 1964), adding
barbiturates to the drinking water (Crossland and Leonard 1963) or
to food (Belknap et al. 1973). implantation of a barbiturate pellet
(Ho et al. 1975), or delivery of a barbiturate via a subcutaneously
implanted miniature osmotic pump (Siew and Goldstein 1978).
Whichever method is used, it is apparent that tolerance develops to
the mild behavioral effects (e.g., loss of fine motor control, mild
ataxia) of barbiturates but not to the lethal effects (see Okamoto
and Boisse 1981). Thus, as tolerance develops to a CNS depressant,
the therapeutic index decreases.

Numerous animal species have been wused to study barbiturate
tolerance and graded rating scales for CNS depression have been
developed and utilized in the rhesus monkey (Yanagita and Takahashi
1970) and the cat (Okamoto et al. 1975). The effects most often
studied include: ataxia. decreased locomotion, decreased
respiratory rate, impaired righting reflex, and changes in corneal
and linguomandibular reflexes and nictitating membrane tone.
Regardless of the response -studied. it is important that studies of

tolerance include: appropriate dosing schedules and route of
administration, full dose-response evaluations, and appropriate
controls to account for order effects. In addition, measures of

cross-tolerance to another drug within the same class as well as in
a different class are extremely important in characterizing the
overall profile of a drug.

Withdrawal from chronic administration of numerous sedative/
hypnotics has been assessed in various animal species including mice
(Ho 1976), cats (Okamoto et al. 1975), dogs (Deneau and Weiss 1968).
and monkeys (Yanagita and Takahashi 1973). While. species
variability generally exists, the sedative/hypnotic abstinence
syndrome is basically characterized by gross behavioral
manifestations which include anorexia, hyperirritability, tremors,
and convulsions. These signs have been grouped into three levels of

withdrawal : Mild -  hyperirritability, mild tremor, anorexia,
piloerection; Intermedi - aggravated tremor, muscle rigidity,
impaired motor activities, retching or vomiting, weight loss (10%);
Severe - convulsions, hallucinatory behavior, nystagmus,
unresponsiveness to environmental stimulation, hyperthermia,

morbidity, and mortality.

Another technique that has been utilized to quantify barbiturate
dependence potential is seizure susceptibility. During barbiturate
withdrawal a decrease in seizure threshold has been observed after
the administration of pentylenetetrazol (Jaffe and Sharpless 1965).
and bemegride and picrotoxin (Crossland and Turnbull 1972).
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Barbiturate withdrawal has also been assessed using audiogenic
seizures (Crossland and Turnbull 1972; Gates and Chen 1974) and
flurothyl-induced seizures (Greer and Alpern 1976). Kindled
seizures can also be used for this purpose. Alcohol withdrawal has
been shown to increase the susceptibility to seizures in animals
with previously kindled epileptic foci in the amygdala (Pinel et al.
1975, 1978).

i) Primary Physical D nden

Nethods for assessing the dependence potential of barbital in naive
dogs were developed by Seevers and Tatum (1931) and later extended
by Fraser and Isbell (1954). The production of primary dependence
on sedative-hypnotic drugs is directly related to the dose, dosing
interval, duration of treatment, and the route of administration.
Typically, 100 mg/kg of barbital sodium in 4 divided doses is given
orally for 60-90 days. It is sometimes necessary to initiate
treatment with lower doses and gradually increase the dose as
tolerance develops. When comparisons between different drugs are to
be made, it is important that the dosing schedules are adjusted such
that the pharmacological effects of the drugs are equivalent® (e.g.,
see Okamoto et al. 1975). Quantitative measures of withdrawal signs
are equally important when attempting to compare the dependence
potential of numerous compounds. In this regard, the method of
Jones and co-workers (1976), which describes a bioassay for sedative
dependence potential, appears to be the most sophisticated and
perhaps the best validated system to date.

In general, comparative studies indicate that the use of monkeys and
carnivores provides clearer and more profound withdrawal effects,
but that rodents offer the advantage of being cost effective. This
is especially true during preliminary screening procedures where a

large number of experimental subjects is required. Historically,
the assessment of the dependence potential of a compound required
that exposure to the drug be terminated. The recent discovery of

the specific benzodiazepine receptor antagonist (Ro 15-1788), that
can block numeruds pharmacological effects of the benzodiazepines
(Hunkeler et al. 1981; Darragh et al. 1981; Mohler et al. 1981; Pole
et al. 1981), has provided a unique and potentially powerful tool for
studying the benzodiazepine withdrawal syndrome.

Administration of Ro 15-1788 to baboons that had been treated with
diazepam (20 mg/kg/day) via an intragastric catheter for only 7 days
produced numerous signs of withdrawal including bruxism, nose
rubbing, retching and vomiting, abnormal body postures, tremors and
convulsions (Lukas and Griffiths 1982). The withdrawal signs were
more frequent and of greater intensity when the duration of diazepam
exposure was increased to 35 days. Furthermore, when compared with
spontaneous withdrawal from diazepam, the Ro 15-1788 precipitated
abstinence syndrome was characterized by a relatively rapid onset
(i.e., 7-10 minutes), intense signs, and short duration (i.e., 4-8
hours). In contrast, spontaneous withdrawal (obtained by simply
stopping the diazepam) was characterized by a slow onset (i.e., 5-7
days), relatively milder signs, and a long duration (i.e., 8-13
days). Ro 15-1788 has also been used to precipitate withdrawal
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signs iIn benzodiazepine-treated mice, rats, cats, and squirrel
monkeys (Rosenberg and Chiu 1982; Cumin et al. 1982; McNicholas and
Martin 1982).

ii) Single Dose Substitution

This method was first described by Deneau and Weiss (1968) and
involved the administration of barbital sodium (100 mg/kg/day) to
dogs for periods of up to 2 years. The termination of drug resulted
in the appearance of withdrawal signs, the severity of which was
assessed using an objective point-scoring system. A test compound
was then administered (at a dose previously determined during pilot,
acute studies) for 5 consecutive days and its effectiveness in
reversing the withdrawal signs was determined. A total of twelve
compounds were evaluated in this manner and all except glutethimide
were found to completely substitute for barbital. After the 5-day
substitution period, the test compound was withheld and the
abstinence signs were quantified. Similar methods have been
developed for the monkey (Yanagita and Takahashi 1973), cat (Okamoto
et al. 1975), and rat (Essig 1966). More recently, Jones et al.
(1976) have developed a quantitative bioassay for comparing the
dependence potential of various CNS depressants in the dog. 1In
order to effectively compare the dependence potential of various
compounds, it is necessary to incorporate procedures which ensure
that the drugs are functionally equivalent; two drugs are
functionally equivalent only if they produce the same peak,
residual, and total degree of CNS depression.

3. CNS Depressant Abuse Liability
a A _

Procedures for assessing self-administration of sedative/hypnotics
have been described using rats (Walton and Deutsch 1978), and
non-human primates (Yanagita and Takahashi 1970, 1973; Griffiths et
al. 1981). While the intravenous route has been employed most
often, the development of other methods including intragastric
(Yanagita and Takahashi 1973) and oral (Ator and Griffiths 1983)
self-administration has recently been reported. Drug injections are
usually contingent upon completion of a fixed number of responses on
a lever (i.e., Tixed ratio schedules), but interval and second-order
schedules have also been used effectively. Two basic procedures are
employed: continuous or direct, and substitution.

i) Continuous self-administration

In this procedure (e.g., Yanagita 1976) the intravenous route is
preferred as long as solubility characteristics permit. The
subjects (usually monkeys) are Tfirst given the opportunity to
self-inject the drug vehicle alone, and once low and stable response
rates are achieved, a dose of the compound to be tested replaces the
vehicle at one-quarter to one-half the minimal effective dose (as
determined during the acute studies) for 2 to 4 weeks. If, at the
end of this period, the animal still has not increased its rate of
responding, then an automatic injection schedule is superimposed on
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the self-injection schedule for 2 more weeks. Response rates and
daily self-injections are monitored during this period. Then the
automatic injections are terminated and the self-injection unit dose
is decreased by one-half to one-fourth to determine whether response
rates increase. Finally, the subject is again exposed to “the
vehicle alone while response extinction is characterized and the
subject is observed Tfor possible withdrawal signs. Using this
procedure, pentobarbital and alcohol were reported to be self-
administered at moderate rates while diazepam, chlordiazepoxide, and
oxazepam were self-injected at lower rates (Deneau et al. 1969;
Yanagita and Takahashi 1973; Yanagita 1976).

ii) Substitution

In this procedure, drug self-administration is initially maintained
by a compound known to reinforce self-injections (e.g., cocaine,
codeine) and test doses of experimental compounds are substituted
upon a stable baseline performance. As another control, saline or
the drug vehicle is also substituted in order to assess extinction
as well as to serve as a measure of the animal"s operant level of
responding. Comparisons are then made between self-injection rates
following saline substitution and substitution of an appropriate
range of doses of the test compound.

While the number of responses required for drug- delivery in the
continuous procedure is usually only one, larger numbers (e.g., 30,
160) are typically employed in substitution procedures. In
addition, the opportunity to self-inject a compound 1is usually
limited either by programming brief sessions (Schuster and Thompson
1969) or by imposing time-out periods between drug injections
(Griffiths et al. 1981) as compared to ad libitum availability in
the continuous self-administration procedure. This latter procedure
tends to reduce the confounding effects of previous drug injections
upon operant behavior, and thus provides a more reliable measure of
the extent to which the "drug-seeking" performance is maintained by
the reinforcing properties of the drug per se.

Using the substitution procedure and cocaine (0.32 mg/kg/injection)
as a baseline drug (fixed ratio 160 schedule of reinforcement and a
3-hour time-out after each drug self-injection); Griffiths et al.
(1981) showed that the three barbiturates secobarbital.
pentobarbital, and amobarbital all maintained rates of responding
that were comparable to those maintained by cocaine. In addition,
numerous benzodiazepines (e.g., diazepam, clonazepam, chlorazepate,
flurazepam, and medazepam) sustained rates of responding that were
higher than vehicle control, but lower than those of cocaine.

iii) Intragastric, oral, and inhalation
self-administration

Yanagita and Takahashi (1973) reported that rhesus monkeys self-
administered pentobarbital and alcohol via an intragastric catheter,
though lever pressing rates were not as high as when the compounds
were given intravenously. In this same study, intragastrically
delivered diazepam maintained more robust self-administration than
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either chlordiazepoxide or oxazepam. Using a similar procedure
Altshuler et al. (1975) found that rhesus monkeys would self-
administer chlordiazepoxide intragastrically, but not diazepam.
Gotestam (1973) and Davis et al. (1978) reported that
intragastrically administered medazepam and chlordiazepoxide,
respectively, were reinforcing to rats while Walton and Deutsch
(1978) found no evidence for iIntragastric or oral self-
administration of diazepam.

The difficulty with intragastric self-administration studies appears
to reside in factors vrelating to drug delivery. Typically,
absorption from the stomach is relatively slow, and previous studies
by Stretch et al. (1976) have shown that response rates for cocaine
self-injection decrease when the delivery of the drug is delayed
after completing the operant task. Thus, the onset of drug effect
may in fact be anywhere from 5-30 minutes (depending on the drug)
after the injection. Controlled fasting prior to test sessions (to
maximize drug absorption) and appropriate stimuli associated with
drug delivery may "facilitate intragastric self-administration, and
the use of second order schedules may prove helpful.

Because of taste and volume factors associated with drug solutions,
it has been difficult to conduct oral self-administration studies
(Wolf et al. 1978). Forced consumption of chlordiazepoxide in rats
has been accomplished by making the drug solution the only source of
fluid (Harris et al. 1968; Kamano and Arp 1965). This procedure,
however, has not been effective in inducing higher intake of
chlordiazepoxide during testing. An alternative procedure employs a
schedule in order to induce high fluid intake (Falk et al. 1972;
Sanger and Blackman 1978). This paradigm (schedule-induced
polydipsia) has been used to enhance chlordiazepoxide consumption in
rats (Sanger 1977) and ethanol (Henningfield et al. 1981) and
methohexital (Ator and Griffiths 1983) in primates.. During a 3-hour
session in which water was available via a drinking spout, the
entire daily ration of food biscuits was delivered at the end of the
first hour in the study by Ator and Griffiths (1983). This
procedure induced a large increase in drinking during the remaining
2 hours. Then, on subsequent days, increasing concentrations of
methohexital were substituted in place of the water. At a
methohexital concentration of 0.8 mg/ml, the volume consumed in the
first hour of the session (before food delivery) typically exceeded
30% of the session total and overt behavioral effects (e.g., ataxia)
were observed. Drinking and drug intake remained at high levels
after the food-inducing procedure was discontinued and food was made
available at the end of the session.

Administration of CNS depressants via inhalation as a means of
assessing abuse liability has been studied only in the rhesus monkey
(Yanagita et al. 1969). The subjects were fitted with an intranasal
catheter which provided a means by which lacquer thinner fumes could
be forced into the lungs by compressed air. The animals pressed a
lever, received a Z-minute exposure. to chloroform or ether, or 5
minutes of lacquer thinner. Goldstein (1972) has also used the
inhalation route to render mice tolerant and dependent upon ethyl
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alcohol, but the procedure has not, as yet, been employed routinely
as a self-administration paradigm.

iv) Reinforcing efficacy analysis

Extensions of the substitution procedure for evaluating relative
sedative/hypnotic abuse liability have involved the application of
numerous procedures including progressive ratio performance (Brady
et al. 1975; Yanagita 1976). response rate analysis (Griffiths et
al. 1981), concurrent or choice schedules (Findley et al. 1972), and
second order schedules (Kelleher 1975). Two basic findings have
evolved from these studies. First, barbiturates appear to maintain
higher levels of performance than benzodiazepines, though not enough
comparative data is available to rank-order depressants belonging to
other pharmacological classes. Secondly, compounds with short
durations of action appear to have a greater reinforcing efficacy
than their longer-acting analogues.

v) Tolerance and physical dependence

There is little or no data available on the effects of tolerance and
dependence on the reinforcing efficacy of CNS depressants,
hypnotics, or anxiolytics, nor on the effects of a prior history of
dependence in this regard. Griffiths et al. (1981) have reported,
however, that there was no difference in the benzodiazepine-
maintained self-administration performance of baboons before and
after barbiturate self-administration.

b. Drug Discrimination

Procedures for assessing the discriminative stimulus properties of
sedative/hypnotics have been described in pigeons (Herling et al.
1980), gerbils (Jarbe and Holmgren 1977), rats (Overton 1979). and
primates (Ator and CGriffiths 1982; Winger and Herling 1982). The
most frequently used procedures in rodents have involved either a
T-maze (e.g., turn left if drugged; turn right if not drugged) or a
two-lever choice situation (e.g., left lever produces food or
terminates shock if drugged; right lever produces food or terminates
shock if not drugged).

The stimulus properties of benzodiazepines have been studied by
Overton (1982) with animals trained to discriminate a number of
benzodiazepines from saline (e.g., chlordiazepoxide, diazepam,

flurazepam, oxazepam). When compared under similar conditions,
training progresses more quickly with barbiturates than with
benzodiazepines. Compared to several other drug classes
(stimulants, hallucinogens, antipsychotics), however, the
benzodiazepines appear more discriminable. I, however, other drugs
are substituted in chlordiazepoxide-trained animals, generalization
(i.e., increased probability of drug-appropriate responses) is

observed for all other benzodiazepines, most other sedative/
hypnotics, but not for neuroleptics. indicating at least some
specificity of effect (Colpaert et al. 1976; Barry and Krinuner
1978).
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Although pentobarbital- and ethanol-trained animals generalize to
benzodiazepines (but not to stimulants, opioids, or hallucinogens)
animals can be trained to discriminate chlordiazepoxide from
pentobarbital (Barry and Krimmer 1978). A certain asymmetry in
cross-generalization has been noted in that generalization from a
benzodiazepine to a barbiturate has not been demonstrated as
reliably as generalization from a barbiturate to a benzodiazepine.
For example, baboons trained to discriminate pentobarbital from drug
vehicle showed generalization to lorazepam, but not all baboons
trained to discriminate lorazepam showed generalization to
pentobarbital (Ator and Griffiths 1983). These same investigators
have reported that a specific benzodiazepine receptor antagonist, Ro
15-1788, completely blocked the discriminative stimulus effects of
lorazepam but not of pentobarbital. Similarly, Herling and Shannon
(1982) showed that Ro 15-1788 blocked the discriminative stimulus
effects of diazepam but not of pentobarbital.

c. Behavioral Toxicity

Procedures for assessing the acute effects of sedative/hypnotic
compounds on psychophysical processes (i.e., auditory and visual
thresholds and reaction times) have been developed over the past two
decades. Data provided to